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µg microgram 
 
 v  
 SUMMARY 
CONSOL Energy Inc. Research & Development (CONSOL R&D) performed flue gas 
sampling at AES Greenidge to verify the performance of the multi-pollutant control 
system recently installed by Babcock Power Environmental Inc. (BPEI) on the 107-
megawatt (MW) Unit 4 (Boiler 6).  The multi-pollutant control system includes 
combustion modifications and a hybrid selective non-catalytic reduction (SNCR) / in-
duct selective catalytic reduction (SCR) system to reduce NOx emissions, followed by 
a Turbosorp® circulating fluidized bed dry scrubber system and baghouse to reduce 
emissions of SO2, SO3, HCl, HF, and particulate matter.  Mercury removal is provided 
via the co-benefits afforded by the in-duct SCR, dry scrubber, and baghouse and by 
injection of activated carbon upstream of the scrubber, as required.  Testing was 
conducted through ports located at the inlet and outlet of the SCR reactor to evaluate 
the performance of the hybrid NOx control system, as well as through ports located at 
the air heater outlet and baghouse outlet or stack to determine pollutant removal 
efficiencies across the Turbosorp® scrubber and baghouse.  Data from the unit’s stack 
continuous emission monitor (CEM) were also used for determining attainment of the 
performance targets for NOx emissions and SO2 removal efficiency.  The testing 
performed, by location, was: 
 
SCR Inlet / SCR Outlet / Stack CEM: 
Oxides of nitrogen 
 
SCR Outlet / Air Heater Inlet: 
Ammonia 
 
Air Heater Outlet / Baghouse Outlet / Stack CEM: 
Sulfur dioxide 
 
Air Heater Outlet / Stack: 
Acid gases (SO3, HCl, and HF) 
Mercury 
  
Testing was initially conducted on March 28, 29, and 30, 2007.  During this period, 
Clean Air Engineering (CAE) sampled for NOx and SO2, and CONSOL R&D sampled 
for all of the other parameters listed above.  Three separate test runs were completed 
for each parameter while the boiler was operating at or near design load and firing an 
approximately 2.5%-sulfur eastern U.S. bituminous coal.  Mercury removal was 
measured both with and without activated carbon injection (ACI).  Results of these 
tests, which were performed in accordance with the methods specified in BPEI’s 
Acceptance Test Procedure (Document 100276-100103100-01, dated March 22, 
2007), are summarized in Table 1 below; the reported results represent the average of 
the three test runs (unless otherwise noted).   
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 The results for ammonia slip, SO3 removal, and HF removal obtained during the March 
tests were inconsistent with the performance targets and/or inconclusive.  Hence, 
CONSOL R&D repeated the tests for these parameters (as well as for HCl, for which 
only two valid test runs were completed in March) on May 1, 2, and 4, 2007.  The 
sampling and/or analytical methods for determining NH3 and SO3 were modified to 
improve the accuracy and representativeness of the measurements.  Results of the 
May tests are summarized in Table 2.  During these tests, the boiler fired an 
approximately 3.0%-sulfur eastern U.S. bituminous coal, and it was again operated at 
or near design load. 
 
Table 1. Performance Guarantee Results (March Testing) 
Performance Category Performance Target Measured Result 
SCR Outlet NOx ≤ 0.10 lb/mmBtu 0.095 lb/mmBtua
Ammonia Slip @ SCR Outlet ≤ 2 ppmvd @ 3% O2 9.9 ppmvd @ 3% O2
SO2 Removal Efficiency ≥ 95% removal 96.0% removalb
Acid Gas Removal 
SO3
HCl
HF
≥ 95% removal 
 
 
Invalid (64.4% removal)c
94.8% removald
Indeterminatee
Mercury Reduction (coal-to-stack)
Without ACI
With ACI
≥ 90% removal 
 
>95.3% removal 
>93.8% removal 
aMeasured by the unit’s stack CEM.  bBased on inlet SO2 measured at the air heater outlet by CAE and 
outlet SO2 measured by the unit’s stack CEM.  cMeasurement considered to be invalid because of 
possible ammonia interference.  dAverage of two test runs.  eHF concentrations were below the limit of 
detection at both the air heater outlet and stack, making it impossible to calculate a removal percentage. 
Table 2. Performance Guarantee Results (May Testing) 
Performance Category Performance Target Measured Result 
Ammonia Slip @ Air Heater Inlet ≤ 2ppmvd @ 3% O2 4.2 ppmvd @ 3% O2a
Acid Gas Removal 
SO3
HCl
HF
≥ 95% removal 
 
 
97.1% removalb
97.2% removalc
Indeterminatec,d
aAverage of four measurements at the air heater inlet.  The average concentration measured 
simultaneously at the eastern side of the SCR outlet was 11.3 ppmvd @ 3% O2.  bAverage of three 
measurements.  cAverage of two measurements.  dHF concentrations were below the limit of detection 
at both the air heater outlet and stack, making it impossible to calculate a removal percentage. 
BACKGROUND 
CONSOL Energy Inc. Research & Development, AES Greenidge LLC, and Babcock 
Power Environmental Inc. (BPEI) were awarded a cooperative agreement from the 
U.S. Department of Energy (DOE) to install and test an integrated multi-pollutant 
control system on the 107-MW AES Greenidge Unit 4.  The project seeks to be the 
first to demonstrate: 
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• Full-load NOx emissions of ≤0.10 lb/mmBtu using a hybrid selective non-catalytic 
reduction / selective catalytic reduction (hybrid SNCR/SCR) system, in combination 
with low-NOx combustion technology, on a unit firing coal and biomass • SO2 removal of ≥95% using a Turbosorp® circulating fluidized bed dry scrubber 
(including a new baghouse) on a unit firing greater than 2%-sulfur bituminous coal 
• Mercury reduction of ≥90% via the co-benefits afforded by the in-duct SCR, 
Turbosorp® scrubber, and baghouse, and by the addition of activated carbon into 
the Turbosorp® system, as required 
• Acid gas (SO3, HCl, HF) removal of ≥95% in the Turbosorp® system 
 
The goal of the project is to demonstrate substantial improvements in mercury, SO3, 
and particulate matter control, and substantial reductions in the cost for NOx and SO2 
control, compared to conventional technologies when applied to the large number of 
smaller coal-fired generating units in the United States. 
 
CONSOL R&D performed guarantee testing to verify the ability of the multi-pollutant 
control system to meet the performance targets set forth in the Engineering, 
Procurement, and Construction (EPC) agreement between AES Greenidge and 
Babcock Power Environmental Inc.  Described herein are the results of the guarantee 
measurements and the methods used. 
FLUE GAS SAMPLING RESULTS 
Six locations, the SCR inlet, SCR outlet, air heater inlet, air heater outlet, baghouse 
outlet, and stack, were sampled while AES Greenidge Unit 4 was operating at or near 
design load (~105 MWgross or 97 MWnet) and firing an approximately 2.5-3.0%-sulfur 
eastern U.S. bituminous coal.  To determine the performance of the SNCR/SCR 
system, NOx sampling was performed at the SCR inlet and SCR outlet locations, and 
ammonia sampling was performed at the SCR outlet and air heater inlet locations.  
The performance of the Turbosorp® system (including the baghouse) was determined 
by sampling for SO2, SO3, HCl, HF, and mercury at the air heater outlet and stack or 
baghouse outlet locations.  Data from the unit’s stack CEM were also used for 
determining attainment of the performance targets for NOx emissions and SO2 removal 
efficiency.  The sampling for ammonia at the SCR outlet and for mercury, HCl, and HF 
was performed at an isokinetic sampling rate, and the sampling for ammonia at the air 
heater inlet and for NOx, SO2, and SO3 was performed at a constant sampling rate.  
The measured results at each location are described below.  The sampling and 
analytical methods used to perform the measurements are described in the 
Experimental section later in this report.  All times reported herein are local (i.e., 
Eastern Daylight) times. 
Oxides of Nitrogen  
Attainment of the performance target for NOx was demonstrated by monitoring the NOx 
emission rates measured by the plant’s stack continuous emission monitor during 
three 72-minute periods on March 28.  These NOx emission rates are summarized in 
Table 3.  The one-minute CEM data from the test period, which were provided by AES 
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 and averaged by CONSOL R&D to derive the values presented in Table 3, are 
included in Appendix E to this report. 
 
Table 3. Summary of NOx Emission Rates Measured by the Unit 4 Stack CEM 
Test No. Date & Time (MM/DD/YY: hhmm-hhmm) 
NOx Emissions @ Stack, 
lb/mmBtua
Test #1 03/28/07: 0912-1023 0.096 
Test #2 03/28/07: 1112-1223 0.095 
Test #3 03/28/07: 1248-1359 0.095 
Average 0.095 
aCalculated by CONSOL R&D as the arithmetic mean of 1-minute CEM data provided by AES. 
To supplement the NOx measurements made by the unit’s CEM, Clean Air 
Engineering (CAE) simultaneously performed NOx testing using their Multipoint 
Automated Sampling System (MASS) at the SCR inlet and outlet sampling grids.  
Each 72-minute test included three complete traverses of each grid; both grids were 
sampled at the same time.  Table 4 summarizes the average NOx concentrations 
measured at the SCR inlet and outlet, the average NOx removal efficiency measured 
across the SCR catalyst, and the NOx emission rate measured at the SCR outlet 
during each of the three NOx testing periods on March 28.  (NOx concentrations were 
converted to a standard oxygen basis of 3% using O2 concentrations measured by 
CAE at the SCR inlet and outlet grids using EPA Method 3A.  NOx emission rates at 
the SCR outlet were computed by CONSOL R&D using NOx and CO2 concentrations 
measured by CAE at the SCR outlet grid and assuming a CO2-based fuel factor of Fc = 
1800 scf/mmBtu, per EPA Method 19 guidelines for bituminous coal).  A more detailed 
presentation of the results of NOx sampling at the SCR inlet and outlet is provided in 
the CAE report that is included as Appendix A to this report.  
The average NOx concentration measured by CAE at the SCR outlet was about 25% 
less than the average NOx concentration measured by the plant’s stack CEM during 
the three NOx measurement periods.  The cause of this disparity is unknown.  Possible 
causes include measurement error (although both the stack CEM and CAE NOx 
analyzer were calibrated prior to the tests) or flow stratification at the SCR outlet.  (The 
NOx emission rate at the SCR outlet is calculated from the unweighted average of the 
NOx concentrations measured at the 24 SCR outlet grid points.  This method assumes 
that the volumetric flow rates at all of these points are equal.  If this assumption is 
violated, then the NOx emission rate measured at the SCR outlet could differ from that 
at the stack.  Flow rate measurements were not available at the SCR outlet to confirm 
or refute this assumption).  Because the unit’s permit limit for NOx and the controls for 
the hybrid SNCR/SCR system are both based on the NOx emission rate measured by 
the stack CEM, this emission rate was used to determine attainment of the 
performance target for NOx emissions. 
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 Table 4. Summary of NOx Measurements at the SCR Inlet and Outlet 
SCR NOx Data @ 3% O2
Test No. Date & Time (MM/DD/YY: hhmm-hhmm) SCR Inlet, 
ppmvd 
SCR Outlet, 
ppmvd 
Removal, 
%a
SCR Outlet 
NOx 
Emissions, 
lb/mmBtub
Test #1 03/28/07: 0912-1023 92.6 52.7 43.1 0.073 
Test #2 03/28/07: 1112-1223 86.3 52.7 38.9 0.072 
Test #3 03/28/07: 1248-1359 84.6 50.1 40.8 0.069 
Average 87.8 51.8 41.0 0.071 
aPercent removal calculated by CONSOL R&D based on overall average inlet and outlet concentrations 
reported by CAE for each test.  bEmission rate calculated by CONSOL R&D based on the average NOx 
and CO2 concentrations at the SCR outlet reported by CAE for each test, and assuming a CO2-based 
fuel factor of Fc = 1800 scf/mmBtu. 
Ammonia 
Ammonia testing was conducted on March 28 and May 1, 2007.  On March 28, 
ammonia sampling was performed at the SCR outlet through the northernmost of the 
two ports located on the eastern wall of the SCR outlet duct at the 498’ level.  On May 
1, ammonia sampling was performed at the SCR outlet through both ports on the 
eastern wall of the SCR outlet duct (reported results are for composite samples drawn 
from both ports), and additional ammonia sampling was performed at the air heater 
inlet through a single port located on the south side of each of the eastern and western 
air heater inlet ducts (reported results are for composite samples drawn from both 
ports).  Three approximately one-hour-long test runs were performed at the SCR outlet 
on March 28, and four approximately one-hour-long test runs were performed at the 
SCR outlet and air heater inlet (both locations sampled simultaneously) on May 1.  
The ammonia concentrations measured during these tests are reported in Table 5.  
(NH3 concentrations were converted to a standard oxygen basis of 3% using O2 
concentrations measured by CONSOL R&D at the sampling train exhaust using a 
Teledyne Max V portable electrochemical O2 analyzer). 
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 Table 5. NH3 Concentrations Measured at the SCR Outlet / Air Heater Inlet 
NH3 Concentration, 
ppmvd @ 3% O2Test No. Date & Time 
(MM/DD/YY: hhmm-hhmm) SCR 
Outlet 
Air Heater 
Inlet 
Test #1 03/28/07: 0914-1014 4.6  
Test #2 03/28/07: 1115-1215 11.4  
Test #3 03/28/07: 1300-1400 13.5  
Average 9.9  
Test #1 05/01/07: 0903-1006 11.6 3.6 
Test #2 05/01/07: 1121-1235 9.7 5.1 
Test #3 05/01/07: 1335-1438 14.3 4.0 
Test #4 05/01/07: 1530-1635 9.8 4.2 
Average 11.3 4.2 
Sulfur Dioxide 
Sulfur dioxide removal efficiency testing was conducted on March 29.  Three 
approximately 60-minute-long tests were performed.  During each test, SO2 
concentrations at the air heater outlet and baghouse outlet were measured 
continuously by CAE, and SO2 concentrations at the stack were measured 
continuously by the plant’s stack CEM.   
Table 6 summarizes the average SO2 concentrations measured during these tests by 
CAE at the air heater outlet and baghouse outlet.  (SO2 concentrations were converted 
to a standard oxygen basis of 3% using O2 concentrations measured by CAE at the air 
heater outlet and baghouse outlet using EPA Method 3A).  During the first two tests, at 
each location, flue gas was sampled from a single point located approximately in the 
center of the duct.  During the third test, sampling was conducted using a three-point 
traverse through a single port at each location.  A more detailed presentation of the 
SO2 sampling results from the air heater outlet and baghouse outlet is provided in the 
CAE report that is included as Appendix A to this report. 
Table 7 summarizes the average SO2 emission rates measured by the unit’s stack 
CEM during each test, as well as the average SO2 removal efficiency across the 
Turbosorp® system (including the baghouse) calculated using the SO2 measured at 
the air heater outlet by CAE and the SO2 measured at the stack by the unit’s CEM.  
(For purposes of this calculation, the SO2 concentrations measured by CAE at the air 
heater outlet were converted to emission rates in units of lb/mmBtu based on the CO2 
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 concentrations measured by CAE at the air heater outlet using EPA Method 3A and 
assuming a CO2-based fuel factor of Fc = 1800 scf/mmBtu, per EPA Method 19 
guidelines for bituminous coal).   The one-minute stack CEM data from the test period, 
which were provided by AES and averaged by CONSOL to derive the values 
presented in Table 7, are included in Appendix E to this report.   
 
Table 6. Summary of SO2 Measurements at the Air Heater Outlet and 
Baghouse Outlet 
SO2 Concentration,  
ppmvd @ 3% O2
Test No. Date & Time (MM/DD/YY: hhmm-hhmm) Air Heater 
Outlet 
Baghouse 
Outlet 
Removal, 
% 
Test #1 03/29/07: 0959-1100 1854.76 103.89 94.40 
Test #2 03/29/07: 1216-1317 1829.81 90.83 95.04 
Test #3 03/29/07: 1513-1613 1837.92 132.12 92.81 
Average 1840.83 108.95 94.08 
 
Table 7. Summary of SO2 Emission Rates Measured by the Unit 4 Stack CEM 
and SO2 Removal Efficiencies from the Air Heater Outlet to the Stack 
SO2 Emission Rate, 
lb/mmBtu 
Test No. Date & Time (MM/DD/YY: hhmm-hhmm) Air Heater 
Outleta
Stack 
CEMb
Removal, 
% 
Test #1 03/29/07: 0959-1100 3.650 0.137 96.2 
Test #2 03/29/07: 1216-1317 3.598 0.128 96.4 
Test #3 03/29/07: 1513-1613 3.583 0.173 95.2 
Average 3.610 0.146 96.0 
aCalculated by CONSOL R&D based on the average SO2 and CO2 concentrations at the air heater 
outlet reported by CAE for each test, and assuming a CO2-based fuel factor of Fc = 1800 scf/mmBtu. 
bCalculated by CONSOL R&D as the arithmetic mean of 1-minute CEM data provided by AES. 
The three-test average SO2 removal efficiency of 96.0% calculated using the unit’s 
stack CEM as the measure of SO2 emissions downstream of the baghouse is slightly 
greater than the three-test average removal efficiency of 94.1% calculated using the 
CAE measurements at the baghouse outlet as the measure of SO2 emissions.  The 
cause of this discrepancy is unknown.  However, because the unit’s permit limit for 
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 SO2 and the controls for the Turbosorp® system are both based on the SO2 emission 
rate measured by the stack CEM, this emission rate was used to determine attainment 
of the performance target for SO2 emissions. 
Sulfur Trioxide 
Sulfur trioxide was sampled at the air heater outlet and stack to determine the removal 
efficiency across the Turbosorp® system (including the baghouse).  Three test runs 
were performed on March 29 at the air heater outlet (40-minute tests) and stack (60-
minute tests).  However, for all of these tests, in which SO3 concentrations were 
determined by controlled condensation with BaCl2 titration, results were likely biased 
by NH3 interfering with the titration endpoint, as discussed in EPA Method 8.  The data 
presented in Table 5 show that ammonia was present downstream of the SCR reactor 
during the March testing period.  Hence, the results from the March 29 SO3 tests, 
which are shown in Table 8 below, are considered to be invalid.  (SO3 concentrations 
at the air heater outlet were converted to a standard oxygen basis of 3% using O2 
concentrations measured by CONSOL R&D at the sampling train exhaust using a 
Teledyne Max V portable electrochemical O2 analyzer.  SO3 concentrations at the 
stack were converted to a standard oxygen basis of 3% using O2 concentrations 
calculated from the average CO2 concentration measured by the plant’s stack CEM 
during each test run and the ultimate analysis of coal samples collected during the 
tests). 
To obtain valid results for SO3 removal across the Turbosorp® system, CONSOL R&D 
repeated the tests for SO3 at the air heater outlet and stack on May 2 using a modified 
procedure.  To avoid possible NH3 interference, the controlled condensation samples 
were analyzed by ion chromatography (IC) rather than by BaCl2 titration.  The use of 
IC was also expected to improve the sensitivity of the method for determining the low-
level SO3 concentrations encountered at the stack.  To further improve the sensitivity 
and representativeness of the measurements, the sampling durations were increased 
to 60 minutes at the air heater outlet and to 90 minutes at the stack, and traverses 
were performed at both locations (sampling in March was conducted at a single point 
at each location).  The results of the three test runs completed on May 2 are 
summarized in Table 8.  (SO3 concentrations at the stack were converted to a 
standard oxygen basis of 3% using O2 concentrations calculated from the average 
CO2 concentration measured by the plant’s stack CEM during each test run and the 
ultimate analysis of coal samples collected during the tests.  O2 concentrations 
measured by CONSOL at the air heater outlet were anomalously greater than O2 
concentrations at the stack.  This likely resulted from air in-leakage at the meterbox 
exhaust rather than from a leak in the sampling train, as pre- and post-test leak checks 
indicated no sampling train leaks.  Hence, for the oxygen basis conversions, the O2 
concentration at the air heater outlet was assumed to equal that at the stack). 
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 Table 8. Gas Phase SO3 Concentrations at the Air Heater Outlet and Stack  
Gas Phase SO3 
Concentration,  
ppmvd @ 3% O2Test No. Date & Time 
(MM/DD/YY: hhmm-hhmm) 
Air Heater 
Outlet Stack 
Test #1 03/29/07: 1000-1103 6.1a 2.4a
Test #2 03/29/07: 1220-1330 7.4a 2.3a
Test #3 03/29/07: 1515-1617 6.2a 2.3a
Average Concentration Invalid Invalid 
Average Removal Invalid 
Test #1 05/02/07: 1044-1215 25.5 0.8 
Test #2 05/02/07: 1312-1443 28.7 0.8 
Test #3 05/02/07: 1517-1648 25.4 0.7 
Average Concentration 26.5 0.8 
Average Removal 97.1% 
aResult considered to be invalid because of possible NH3 interference. 
In addition to the SO3 measurements performed at the air heater outlet and stack, 
three SO3 tests including simultaneous sampling at the SCR inlet and SCR outlet were 
conducted on March 30 in an attempt to evaluate SO2-to-SO3 conversion across the 
SCR catalyst.  These results are invalid because of certain ammonia interference, 
however, and therefore they are not included in this report. 
Hydrogen Chloride and Hydrogen Fluoride 
Hydrogen chloride and hydrogen fluoride were sampled at the air heater outlet and 
stack to determine the removal efficiency for these components across the Turbosorp® 
system (including the baghouse).  Three approximately 60-minute-long tests including 
simultaneous sampling at these locations were completed on March 29.  The samples 
from the first test, however, were contaminated by residual hydrochloric acid that had 
been used to rinse the probes during previous mercury testing.  Hence, the HCl 
concentrations determined during the first test are invalid.  Moreover, HF 
concentrations determined at both locations during each of the three tests on March 
29 were less than the method detection limit, making it impossible to calculate a 
removal efficiency.   
To confirm the results of the March 29 testing, additional HCl and HF measurements 
were performed on May 4.  Two approximately 60-minute-long test runs including 
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 simultaneous sampling at the air heater outlet and stack were performed.  (A third test 
was planned, but it could not be completed because of combustion problems that 
forced a drop in unit load).  Again, HF concentrations were less than the method 
detection limit at both the air heater outlet and the stack during each test run, 
preventing the determination of a removal efficiency. 
Table 9 summarizes the results of the HCl and HF tests performed on March 29 and 
May 4.  (HCl and HF concentrations at the air heater outlet were converted to a 
standard oxygen basis of 3% using O2 concentrations measured by CONSOL at the 
sampling train exhaust using a Teledyne Max V portable electrochemical O2 analyzer.  
HCl and HF concentrations at the stack were converted to a standard oxygen basis of 
3% using O2 concentrations calculated from the average CO2 concentration measured 
by the plant’s stack CEM during each test run and the ultimate analysis of coal 
samples collected during the tests). 
 
Table 9. HCl and HF Concentrations at the Air Heater Outlet and Stack 
HCl Concentration, 
ppmvd @ 3% O2
HF Concentration, 
ppmvd @ 3% O2
Test No. Date & Time (MM/DD/YY: hhmm-hhmm) Air Heater 
Outlet Stack 
Air Heater 
Outlet Stack 
Test #1 03/29/07: 1000-1125 216.1a 73.8a <0.34 <0.20 
Test #2 03/29/07: 1220-1344 36.0 2.8 <0.34 <0.23 
Test #3 03/29/07: 1515-1637 38.6 1.1 <0.35 <0.21 
Average Concentration 37.3b 1.9b <0.34 <0.21 
Average Removal 94.8%b Indeterminate 
Test #1 05/04/07: 0831-0940 40.4 1.3 <0.25 <0.16 
Test #2 05/04/07: 1015-1130 39.9 1.0 <0.21 <0.16 
Average Concentration 40.1 1.1 <0.23 <0.16 
Average Removal 97.2% Indeterminate 
aInvalid result - sample contaminated by residual HCl in sample train.  bAverage of tests 2 and 3 only. 
Mercury 
Mercury measurements were performed at the air heater outlet and stack locations.  
Three approximately two-hour-long test runs including simultaneous sampling at these 
locations were performed on March 28, when the activated carbon injection system 
was not in service.  This testing protocol was repeated on March 30, except that 
activated carbon was injected downstream of the air heater outlet sampling location 
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 (upstream of the Turbosorp® scrubber inlet) on that day.  The mercury concentrations 
measured at each location on March 28 and March 30 are summarized in Tables 10 
and 11, respectively.  (Hg concentrations at the air heater outlet were converted to a 
standard oxygen basis of 3% using O2 concentrations measured by CONSOL at the 
sampling train exhaust using a Teledyne Max V portable electrochemical O2 analyzer.  
Hg concentrations at the stack were converted to a standard oxygen basis of 3% using 
O2 concentrations calculated from the average CO2 concentration measured by the 
plant’s stack CEM during each test run and the ultimate analysis of coal samples 
collected during the tests). 
As shown in Tables 10 and 11, the average total Hg concentrations measured at the 
air heater outlet were 10.06 µg/dscf on March 28 and 9.38 µg/dscf on March 30 (both 
concentrations corrected to 3% O2).  On both days, Hg concentrations at the stack 
were less than the analytical limit of detection.  Thus, Hg removal efficiencies across 
the Turbosorp® system (including the baghouse) were >95.1% on March 28, when no 
activated carbon was being injected into the system, and >93.7% on March 30, when 
activated carbon was being injected. 
 
Table 10. Summary of Mercury Measurements at the Air Heater Outlet and 
Stack – Testing Without Activated Carbon Injection 
Air Heater Outlet 
Test No. 1 2 3 
Date/Time (MM/DD/YY: hhmm-hhmm) 03/28/07: 
0905-1132
03/28/07: 
1245-1502
03/28/07: 
1558-1817 
Average 
Particulate Hg [µg/dscm @ 3% O2] 5.32 3.72 4.89 4.64 
Oxidized Hg [µg/dscm @ 3% O2] 3.72 6.12 4.79 4.88 
Elemental Hg [µg/dscm @ 3% O2] 0.63 0.40 0.60 0.54 
Total Hg [µg/dscm @ 3% O2] 9.67 10.23 10.28 10.06 
Stack 
Test No. 1 2 3 
Date/Time (MM/DD/YY: hhmm-hhmm) 03/28/07: 
0910-1133 
03/28/07: 
1243-1507 
03/28/07: 
1600-1814 
Average 
Particulate Hg [µg/dscm @ 3% O2] 0.00 0.00 0.00 0.00 
Oxidized Hg [µg/dscm @ 3% O2] < 0.21 < 0.23 < 0.27 < 0.24 
Elemental Hg [µg/dscm @ 3% O2] < 0.25 < 0.25 < 0.26 < 0.25 
Total Hg [µg/dscm @ 3% O2] < 0.46 < 0.49 < 0.54 < 0.50 
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 Table 11. Summary of Mercury Measurements at the Air Heater Outlet and 
Stack – Testing With Activated Carbon Injection 
Air Heater Outlet 
Test No. 4 5 6 
Date/Time (MM/DD/YY: hhmm-hhmm) 03/30/07: 0855-1110 
03/30/07: 
1243-1502 
03/30/07: 
1552-1805 
Average 
Particulate Hg [µg/dscm @ 3% O2] 4.41 4.83 4.13 4.46 
Oxidized Hg [µg/dscm @ 3% O2] 4.77 4.36 4.11 4.41 
Elemental Hg [µg/dscm @ 3% O2] < 0.41 < 0.43 0.70 0.52 
Total Hg [µg/dscm @ 3% O2] 9.59 9.63 8.93 9.38 
Stack 
Test No. 4 5 6 
Date/Time (MM/DD/YY: hhmm-hhmm) 03/30/07: 
0855-1110 
03/30/07: 
1243-1454 
03/30/07: 
1552-1803 
Average 
Particulate Hg [µg/dscm @ 3% O2] 0.00 0.00 0.00 0.00 
Oxidized Hg [µg/dscm @ 3% O2] < 0.30 < 0.30 < 0.32 < 0.30 
Elemental Hg [µg/dscm @ 3% O2] < 0.29 < 0.29 < 0.28 < 0.28 
Total Hg [µg/dscm @ 3% O2] < 0.59 < 0.59 < 0.60 < 0.59 
The results presented in Tables 10 and 11 include a breakdown of Hg concentrations 
by Hg species (i.e., particulate, oxidized, and elemental), as determined according to 
the Ontario Hydro method.  However, these speciation results should be interpreted 
cautiously.  Whereas total Hg concentrations determined using the Ontario Hydro 
method are expected to be reliable, even in high-dust locations, Hg speciation results 
determined using that method can be biased in high-dust locations by adsorption of Hg 
onto the fly ash collected on the sample filter or by reaction of Hg with the fly ash.  This 
can lead to artificially high particulate and/or oxidized mercury concentrations, and 
artificially low elemental and/or oxidized mercury concentrations.  (The direction of the 
bias in the oxidized mercury results depends upon the extent to which mercury is 
adsorbed as opposed to oxidized by the fly ash).  Hence, it is likely that the mercury 
speciation observed at the air heater outlet, which included ~47% particulate Hg on 
average, was biased high relative to actual flue gas composition as a result of this 
artifact.  The air heater outlet is a high-dust location, containing 2.2-2.5 gr/dscf of 
particulate matter, and the high unburned carbon content of the fly ash sampled there 
(15-21%) would tend to promote adsorption of gas-phase Hg onto the ash. 
Table 12 summarizes the mercury removal efficiency of the multi-pollutant control 
system based on the total amount of Hg fed to the system in the coal and the total 
amount measured at the stack using the Ontario Hydro method.  The amount of Hg in 
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the coal was determined by laboratory analysis of coal samples collected during each 
test.  Mercury mass flow rates determined at the stack by the Ontario Hydro method 
were converted to a heat input basis using average stack O2 concentrations and O2-
based fuel factors (Fd) derived from the analysis of coal samples collected during each 
test. 
 
Table 12. Summary of Coal-to-Stack Mercury Removal 
No Activated Carbon Injection Test #1 Test #2 Test #3 Average 
Hg in coal [lb/TBtu] 7.34 8.19 6.86 7.46 
Hg in flue gas leaving stack [lb/TBtu] < 0.32 < 0.34 < 0.38 < 0.35 
Hg removal, fuel-to-stack [%] > 95.6 > 95.9 > 94.5 > 95.3 
With Activated Carbon Injection Test #4 Test #5 Test #6 Average 
Hg in coal [lb/TBtu] 6.92 6.45 6.38 6.58 
Hg in flue gas leaving stack [lb/TBtu] < 0.40 < 0.41 < 0.42 < 0.41 
Hg removal, fuel-to-stack [%] > 94.2 > 93.7 > 93.5 > 93.8 
 
SOLID AND LIQUID PROCESS SAMPLE ANALYSIS RESULTS 
During the flue gas sampling on March 28-30 and May 1-4, various solid and liquid 
process samples were collected by AES Greenidge personnel for analysis.  For the 
March 28-30 testing, these samples included coal, Turbosorp® hopper ash (i.e., fly ash 
collected in the hopper at the inlet to the Turbosorp® absorber vessel), 
Turbosorp®/baghouse product ash (i.e., the mixture of fly ash and solid scrubber 
products leaving the baghouse), pebble lime, hydrated lime, urea (sampled prior to 
dilution), and activated carbon.  For the May 1-4 testing, these samples included coal 
and fly ash collected at the air heater outlet.  The samples were analyzed by CONSOL 
R&D (or by CTL Group under subcontract to CONSOL) to determine various chemical 
and physical parameters specified in BPEI’s Acceptance Test Procedure (Document 
100276-100103100-01, dated March 22, 2007).  Results are summarized in Tables 
13-20.  (Particle size distribution results for hydrated lime and Turbosorp®/baghouse 
product ash samples are presented in the CTL Group report that is included as 
Appendix B to this report, and trace element results for coal samples collected during 
testing on March 28-30 are presented in the laboratory analysis sheets that are 
included in Appendix D to this report).  The methods used to analyze the process 
samples are described in the Experimental section of this report. 
 
 
 Table 13. Coal Sample Analysis Results 
Analytical Number 20071795 20071796 20071797 20071798 20071814 20071815 20071816 20071829 20071830 20071831 
Test Identification TEST 1   TEST 2 TEST 3 TEST 3 TEST 1 TEST 2 TEST 3 TEST 1b TEST 2c TEST 3d
Date & Timea 3/28/2007 09:00-10:00 
3/28/2007 
13:00-14:00 
3/28/2007 
16:15 
3/28/2007 
18:25 
3/29/2007 
9:30 
3/29/2007 
13:30 
3/29/2007 
16:30 
3/30/2007 
9:05-10:35 
3/30/2007 
12:45-14:00 
3/28/2007 
15:45-16:45 
Total Moisture, % 6.62 6.28 6.54 6.71       4.20 4.60 4.61 6.66 4.97 4.87
As Determined Moisture, % 1.31 1.29 1.43        1.41 1.75 1.61 1.70 1.30 1.69 1.50
Volatile Matter, % dry 39.95 39.95 39.92        40.20 39.78 40.36 39.66 40.30 40.32 40.45
Ash, % dry  8.58 8.36 7.99 8.00       8.08 8.54 7.99 7.92 8.18 8.23
Carbon, % dry 76.14 75.66 75.86 76.58       76.59 76.62 76.23 76.02 76.41 76.35
Hydrogen, % dry 5.12 5.04 5.01 5.01       4.86 4.93 4.97 4.98 4.83 4.91
Nitrogen, % dry 1.41 1.45         1.44 1.46 1.41 1.50 1.46 1.48 1.40 1.42
Sulfur, % dry 2.68 2.69 2.57 2.68       2.79 2.50 2.66 2.61 2.65 2.65
Chlorine, % dry 0.069 0.075 0.074 0.071       0.072 0.073 0.076 0.075 0.075 0.070
Mercury, ppm dry 0.101 0.113 0.097 0.094       0.116 0.097 0.108 0.097 0.090 0.089
Fluorine, ppm dry 66.77          67.07 70.61 65.52 63.51 63.83 66.23 59.27 69.47 67.51
Selenium, ppm dry 1.26 1.15 1.25 1.12       1.10 1.04 1.12 1.01 1.02 0.99
HHV, Btu/lb dry 13768 13799 13916 13939 13893 13838 13982 14015 13956 13948 
Major Ash Elements, % of ash                     
SiO2 44.98          42.69 44.62 42.22 42.34 41.41 43.52 41.81 42.67 42.38
Al2O3 20.75          20.16 22.46 21.80 20.94 20.78 21.48 20.75 20.97 20.88
TiO2 0.92          0.88 0.99 0.92 0.90 0.86 0.91 0.87 0.90 0.89
Fe2O3 20.51          22.46 20.52 20.84 23.67 18.98 23.20 21.95 21.39 21.46
CaO          4.98 5.29 4.59 5.71 4.59 8.19 4.28 6.42 5.59 4.99
MgO          0.85 0.85 0.92 1.36 1.12 1.06 0.86 0.95 0.98 0.94
Na2O          0.80 0.76 0.81 0.86 0.81 0.82 0.83 0.87 0.84 0.86
K2O          1.46 1.39 1.57 1.57 1.58 1.51 1.61 1.53 1.46 1.71
P2O5 0.36          0.38 0.48 0.37 0.34 0.37 0.40 0.37 0.38 0.37
SO3 4.81          4.97 3.78 5.31 4.29 5.83 3.83 5.14 4.92 4.82
aIf a range of times is listed, result is for a composite of samples collected at the beginning and end of the range.  bMercury Test #4.  cMercury Test #5.  dMercury 
Test #6. 
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 Table 13.  Coal Sample Analysis Results (continued) 
Analytical Number          20072513 20072514 20072515 20072516 20072517 20072518 20072519 20072520 20072521
Test Identification TEST 1 TEST 2 TEST 3 TEST 4 TEST 1 TEST 2 TEST 3 TEST 1 TEST 2 
Date & Time 5/1/2007 5/1/2007 5/1/2007       5/1/2007 5/2/2007 5/2/2007 5/2/2007 5/4/2007 5/4/2007
Total Moisture, % 6.04 6.14 5.87       5.85 5.51 5.66 5.58 5.94 5.97
As Determined Moisture, % 1.26 1.32        1.26 1.20 1.19 1.16 1.30 1.30 1.32
Volatile Matter, % dry 40.81 41.02        41.11 41.07 41.30 41.37 41.27 41.39 41.31
Ash, % dry  8.64 8.95 8.53 8.71      8.53 8.75 9.04 8.60 8.85
Carbon, % dry 75.37 75.59 75.69 75.61      75.19 75.14 75.94 74.24 75.13
Hydrogen, % dry 5.26 5.01 5.00       5.26 5.12 4.84 4.94 4.83 5.01
Nitrogen, % dry 1.38 1.38 1.38       1.37 1.39 1.35 1.37 1.35 1.39
Sulfur, % dry 3.05 3.14 3.11 3.08      3.20 3.38 3.26 3.32 3.25
Chlorine, % dry 0.080 0.068 0.076       0.088 0.064 0.088 0.094 0.066 0.096
Mercury, ppm dry          
Fluorine, ppm dry          
Selenium, ppm dry          
HHV, Btu/lb dry          13796 13765 13818 13784 13819 13741 13685 13732 13762
Major Ash Elements, % of ash                   
SiO2 42.89         43.12 42.72 43.03 43.40 42.03 43.00 43.14 43.06
Al2O3 21.86         21.81 21.69 21.76 22.08 21.33 21.67 22.03 21.81
TiO2 0.90         0.90 0.89 0.90 0.91 0.86 0.87 0.90 0.87
Fe2O3 21.64         21.37 20.91 19.69 20.48 22.42 19.99 21.13 20.24
CaO          4.98 4.87 4.58 4.45 4.36 4.42 5.17 4.77 4.99
MgO          0.81 0.79 0.79 0.81 0.78 0.76 0.87 0.83 0.81
Na2O          0.79 0.80 0.79 0.99 0.76 0.88 1.20 0.75 0.99
K2O          1.46 1.41 1.38 1.42 1.40 1.38 1.46 1.40 1.43
P2O5 0.26         0.27 0.24 0.24 0.25 0.23 0.25 0.27 0.24
SO3 4.88         4.93 3.74 4.43 4.16 4.56 4.66 3.88 4.66
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 Table 14. Air Heater Outlet Fly Ash Sample Analysis Results 
Analytical Number          20072522 20072523 20072524 20072525 20072526 20072527 20072528 20072529 20072530
Test Identification TEST 1 TEST 2 TEST 3 TEST 4 TEST 1 TEST 2 TEST 3 TEST 1 TEST 2 
Date & Time          5/1/2007 5/1/2007 5/1/2007 5/1/2007 5/2/2007 5/2/2007 5/2/2007 5/4/2007 5/4/2007
As Determined Moisture, % 0.20 1.07        1.08 0.38 0.17 0.11 0.79 0.19 0.91
Ash, % dry 77.06 83.09 84.20 80.32      75.73 74.67 79.08 78.76 80.01
Carbon, % dry 23.79 16.26 15.09 20.83      24.71 26.20 21.10 19.63 17.71
Sulfur, % dry 0.44 0.54 0.53 0.52      0.51 0.50 0.52 0.50 0.65
Chlorine, % dry <0.0005 0.0138 0.0065       0.0041 0.0025 0.0018 0.0137 0.0023 0.0060
Major Ash Elements, % dry                                                
SiO2 34.53         39.20 39.63 38.90 35.99 34.71 37.21 37.65 38.72
Al2O3 16.86         19.74 20.07 19.38 18.33 17.06 17.91 17.52 18.73
TiO2 0.72         0.89 0.90 0.87 0.82 0.75 0.80 0.81 0.89
Fe2O3 14.85         14.74 14.87 15.29 16.16 16.49 14.82 14.86 12.99
CaO          3.72 3.90 4.07 4.01 3.85 3.75 4.12 4.17 4.23
MgO          0.61 0.73 0.75 0.69 0.65 0.60 0.71 0.70 0.76
Na2O          0.62 0.78 0.79 0.71 0.67 0.64 0.72 0.68 0.75
K2O          1.09 1.35 1.38 1.26 1.20 1.08 1.31 1.21 1.32
P2O5 0.15         0.22 0.21 0.18 0.18 0.14 0.19 0.16 0.18
SO3 1.11         1.34 1.30 1.29 1.27 1.24 1.30 1.24 1.60
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 Table 15. Turbosorp® Hopper Ash Sample Analysis Results 
Analytical Number       20071805 20071806 20071807 20071835 20071836 20071837
Test Identification TEST 1 TEST 2 TEST 3 TEST 1a TEST 2b TEST 3c
Date & Time 
MARCH 28 
11:30 
MARCH 28 
16:00 
MARCH 28 
20:00 
MARCH 30 
10:00 
MARCH 30 
13:45 
MARCH 30 
16:45 
As Determined Moisture, %        0.10 0.09 0.12 0.06 0.08 0.35
Ash, % dry       81.48 82.45 79.20 74.83 82.78 81.88
Carbon, % dry 19.10 17.99     21.20 26.38 16.36 17.48
Chlorine, % dry       0.027 0.018 0.016 0.023 0.016 0.018
Mercury, ppm dry       0.134 0.123 0.141 0.139 0.105 0.107
Fluorine, ppm dry       58.16 59.55 57.27 53.13 53.34 53.39
Major Ash Elements, % dry                                     
SiO2 25.86      25.48 26.31 26.34 26.73 26.05
Al2O3 11.66      10.36 11.96 12.01 12.18 11.73
TiO2 0.46      0.46 0.47 0.45 0.48 0.46
Fe2O3 37.54      40.28 32.91 29.96 34.00 34.54
CaO       4.91 7.06 5.10 5.46 8.09 7.04
MgO       0.46 0.54 0.49 0.48 0.54 0.52
Na2O       0.38 0.31 0.38 0.42 0.42 0.40
K2O       0.69 0.54 0.70 0.71 0.71 0.68
P2O5 0.28      0.35 0.32 0.28 0.26 0.25
SO3 1.50      2.10 1.52 1.47 2.38 2.46
aMercury test #4.  bMercury test #5.  cMercury test #6. 
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Table 16. Turbosorp®/Baghouse Product Ash Sample Analysis Results 
Analytical Number 20071799 20071800 20071801 20071802 20071803 20071804 
Test Identification TEST 1 TEST 1 TEST 2 TEST 2 TEST 3 TEST 3 
Date & Time MARCH 28 10:00 
MARCH 28 
11:00 
MARCH 28 
14:00 
MARCH 28 
15:50 
MARCH 28 
17:15 
MARCH 28 
19:20 
As Determined 
Moisture, % 0.79      0.91 0.65 0.80 0.75 0.84
Ash, % dry  84.57 84.58 84.37 84.77 84.78 84.75 
Carbon, % dry 8.05 8.18     8.13 7.67 7.61 7.47
Chlorine, % dry 0.276 0.296 0.291 0.268 0.278 0.296 
Mercury, ppm dry 0.346 0.347 0.360 0.367 0.363 0.372 
Fluorine, ppm dry 80.74 92.54 83.95 83.06 87.36 91.17 
Major Ash Elements, 
% dry                                     
SiO2 12.28      12.18 11.85 11.65 11.82 11.37
Al2O3 6.08      6.06 5.93 5.85 5.94 5.71
TiO2 0.26      0.26 0.25 0.25 0.26 0.25
Fe2O3 4.55      4.55 4.40 4.29 4.35 4.23
CaO       37.53 37.78 38.14 38.06 37.77 37.47
MgO       0.64 0.65 0.64 0.64 0.63 0.63
Na2O       0.32 0.32 0.30 0.31 0.30 0.30
K2O       0.45 0.45 0.43 0.43 0.43 0.44
P2O5 0.14      0.12 0.12 0.13 0.11 0.11
SO3 22.79      22.79 23.11 23.16 23.16 22.62
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 Table 16.  Turbosorp®/Baghouse Product Ash Sample Analysis Results (continued) 
Analytical Number 20071817      20071818 20071819 20071832 20071833 20071834
Test Identification TEST 1 TEST 2 TEST 3  TEST 1a  TEST 2b TEST 3c
Date & Time MARCH 29 
9:30 
MARCH 29 
13:30 
MARCH 29 
16:30 
MARCH 30 
11:15 
MARCH 30 
13:45 
MARCH 30 
16:45 
As Determined 
Moisture, % 0.98      0.98 0.66 0.56 0.63 0.51
Ash, % dry  83.72      84.23 83.30 83.24 83.64 83.69
Carbon, % dry 8.23      8.07 7.96 8.34 8.16 8.12
Chlorine, % dry 0.270      0.249 0.261 0.213 0.270 0.280
Mercury, ppm dry 0.369      0.377 0.395 0.379 0.349 0.352
Fluorine, ppm dry 79.58      76.45 72.58 91.81 82.12 80.31
Major Ash Elements, 
% dry                                     
SiO2 12.41      12.06 12.03 12.93 12.59 12.12
Al2O3 6.17      6.05 6.06 6.61 6.28 6.06
TiO2 0.26      0.26 0.26 0.29 0.27 0.26
Fe2O3 4.62      4.49 4.33 4.52 4.73 4.57
CaO 38.84      38.45 38.18 37.10 38.21 38.77
MgO 0.66      0.65 0.63 0.65 0.66 0.66
Na2O 0.32      0.31 0.31 0.33 0.33 0.33
K2O 0.46      0.45 0.44 0.48 0.48 0.47
P2O5 0.11      0.13 0.14 0.13 0.13 0.12
SO3 21.14      21.90 21.91 20.92 21.57 21.84
aMercury test #4.  bMercury test #5.  cMercury test #6. 
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 Table 17.  Pebble Lime Sample Analysis Results 
Analytical Number          20071811 20071812 20071813 20071826 20071827 20071828 20071841 20071842 20071843
Test Identification TEST 1 TEST 2 TEST 3 TEST 1 TEST 2 TEST 3 TEST 1a TEST 2b TEST 3c
Date & Time 3/28/2007 10:00 
3/28/2007 
14:30 
3/28/2007 
17:15 
3/29/2007 
9:30 
3/29/2007 
13:30 
3/29/2007 
16:30 
3/30/2007 
10:00 
3/30/2007 
13:45 
3/30/2007 
16:45 
As Determined Moisture, % <0.01 <0.01 <0.01       <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Ash, % dry 97.74 95.88 98.69 97.87      97.51 96.01 97.95 98.11 99.08
Carbon, % dry 0.37 1.36 0.14 0.31      0.30 0.38 0.62 0.48 0.31
Mercury, ppm dry <0.005   <0.005 <0.005          0.005 0.004 0.004
Available Lime, % as CaO 89.38d,g 88.07e,g 92.57f,g
Slaking Rate, temperature rise 
in 30 sec., °C 32.0
d,g 30.0e,g 33.0f,g
Slaking Rate, temperature rise 
in 3 min., °C 52.0
d,g 50.5e,g 52.0f,g
Slaking Residue, % 0.97d,g 3.79e,g 2.06f,g
Major Ash Elements, % dry                   
SiO2 1.06         1.07 0.98 1.03 1.61 1.33 0.65 1.81 2.34
Al2O3 0.48         0.49 0.48 0.54 0.49 0.43 0.44 0.46 0.46
TiO2 0.02         0.02 0.02 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Fe2O3 0.20         0.25 0.21 0.23 0.21 0.19 0.18 0.18 0.18
CaO          95.22 91.37 96.28 95.21 96.64 95.51 96.09 95.10 95.17
MgO          1.11 2.88 1.04 1.04 1.05 0.10 0.96 0.95 0.99
Na2O          0.08 0.06 0.08 0.05 0.09 0.08 0.06 0.05 0.06
K2O          0.07 0.06 0.06 <0.03 0.07 0.06 0.04 0.03 <0.03
P2O5 0.01         0.01 0.01 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
SO3 0.16         0.18 0.17 0.14 0.15 0.17 0.09 0.10 0.12
aMercury test #4.  bMercury test #5.  cMercury test #6.  dComposite of samples 20071811, 20071812, and 20071813.  eComposite of samples 20071826, 
20071827, and 20071828.  fComposite of samples 20071841, 20071842, and 20071843.  gAnalysis performed by CTL Group. 
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Table 18.  Hydrated Lime Sample Analysis Results 
Analytical Number 20071808 20071809 20071810 20071823 20071824 20071825 20071838 20071839 20071840
Test Identification TEST 1 TEST 2 TEST 3 TEST 1 TEST 2 TEST 3 TEST 1a TEST 2b TEST 3c
Date & Time 
3/28/2007 
11:00 
3/28/2007 
14:30 
3/28/2007 
17:00 
3/29/2007 
9:30 
3/29/2007 
13:30 
3/29/2007 
16:30 
3/30/2007 
10:00 
3/30/2007 
13:45 
3/30/2007 
16:45 
As Determined Moisture, % 0.27 0.29 0.35       0.09 <0.01 <0.01 <0.01 <0.01 0.06
Ash, % dry 76.43 76.39 76.39 75.73      75.52 75.92 75.74 76.00 76.32
Carbon, % dry 0.32 0.30 0.32 0.44      0.58 0.42 0.39 0.45 0.39
Mercury, ppm dry 0.005 <0.005 <0.005          0.006 0.005 0.004
Apparent Density -  Loose, lb/ft3 22.32d,g 22.83e,g 22.14f,g
Apparent Density -  Packed, lb/ft3 39.58d,g 37.17e,g 36.78f,g
BET Surface Area, m2/g 15.73d,g 17.29e,g 17.62f,g
Major Ash Elements, % dry                   
SiO2 0.83         0.73 0.71 1.31 1.31 1.31 1.31 1.34 1.25
Al2O3 0.40         0.40 0.41 0.38 0.38 0.37 0.36 0.36 0.35
TiO2 0.02         0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
Fe2O3 0.16         0.16 0.16 0.14 0.18 0.14 0.16 0.14 0.14
CaO          75.45 74.30 74.19 70.01 69.05 70.83 70.94 71.24 71.27
MgO          0.82 0.82 0.81 0.80 0.80 0.81 0.80 0.80 0.80
Na2O          0.08 0.07 0.07 0.01 0.02 0.02 0.03 0.02 0.02
K2O          0.05 0.05 0.05 0.04 0.04 0.04 0.06 0.05 0.04
P2O5 0.01         0.01 0.01 0.01 0.02 0.01 0.01 <0.01 <0.03
SO3 0.13         0.12 0.17 0.20 0.21 0.18 0.20 0.22 0.17
aMercury test #4.  bMercury test #5.  cMercury test #6.  dComposite of samples 20071808, 20071809, and 20071810.  eComposite of samples 20071823, 
20071824, and 20071825.  fComposite of samples 20071838, 20071839, and 20071840.  gAnalysis performed by CTL Group.
 
 Table 19. Activated Carbon Sample Analysis Results 
Analytical Number 20071845 20071844 
Test Identification NA NA 
Date & Time 3/29/07 15:30 3/30/07 12:00 
As Determined Moisture % 1.21 1.17 
Volatile Matter, % dry 4.63 4.50 
Ash, % dry 8.24 8.33 
Carbon, % dry 90.95 90.66 
Hydrogen, % dry <0.01 <0.01 
Nitrogen, % dry 0.37 0.40 
Sulfur, % dry 0.37 0.39 
Mercury, ppm dry 0.005 0.004 
Major Ash Elements, % dry             
SiO2 2.11 1.02 
Al2O3 4.10 3.53 
TiO2 0.35 0.33 
Fe2O3 13.52 13.27 
CaO 40.93 39.96 
MgO 19.20 20.14 
Na2O 4.04 5.80 
K2O 0.31 0.50 
P2O5 0.03 <0.01 
SO3 16.20 14.61 
 
Table 20.  Urea Sample Analysis Results 
Analytical 
Number 
Sample 
Identification pH 
Hg, 
µg/L 
TSS, 
mg/L 
Ammonia, 
mg/L as N 
Phosphate, 
mg/L 
Density,
g/cm3
20071971 AES Greenidge Urea Composite 3/28/07 9.56 <0.35 <6 595 45.20 1.14 
20071972 AES Greenidge Urea Composite 3/30/07 9.40 <0.35 <6 635 79.20 1.13 
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 EXPERIMENTAL 
Sampling Locations 
Figure 1 presents a schematic showing the locations where flue gas sampling was 
conducted at AES Greenidge.  These sampling locations are described below. 
SCR Inlet 
NOx tests were conducted at the SCR inlet.  The eastern wall of the SCR inlet duct is 
outfitted with four, four-inch flange ports, each of which contains six permanent 
sampling tubes.  The six tubes installed through each of the four ports terminate at 
different depths in the duct, creating a 24-point grid of sample points covering the 
cross section of the duct.  Clean Air Engineering performed NOx testing using an 
automated sampling system that sequentially extracted samples from the grid points.  
Each of the 24 grid points was sampled for three, one-minute intervals during each 
test.  Figure 2 presents a photograph of the SCR inlet NOx sampling location and the 
CAE sampling setup.  A diagram showing the locations of the SCR inlet grid sampling 
points is provided in the CAE report that is included as Appendix A to this report. 
SCR Outlet 
NOx and NH3 tests were conducted at the SCR outlet.  The NH3 samples were 
extracted from ports located on the eastern wall of the SCR outlet duct at the 498’ 
level.  The March 28 ammonia samples were drawn through the northernmost of the 
two four-inch ports at this location; the port was traversed to a depth of approximately 
10 feet using three sample points.  Figure 3 presents a photograph showing ammonia 
sampling at the SCR outlet.  Each ammonia test was 60 minutes in duration.  The 
ammonia samples collected on May 1 were drawn through both the northern and 
southern ports on the eastern wall of the SCR outlet duct; each port was sampled for 
30 minutes per test using a three-point traverse to a depth of approximately 10 feet.  
All ammonia samples at the SCR outlet were drawn at an isokinetic sampling rate. 
The eastern wall of the SCR outlet duct is also outfitted with four, four-inch flange 
ports, each of which contains six permanent sampling tubes.  The six tubes installed 
through each of the four ports terminate at different depths in the duct, creating a 24-
point grid of sample points covering the cross section of the duct.  Clean Air 
Engineering performed NOx testing using an automated sampling system that 
sequentially extracted samples from the grid points.  Each of the 24 grid points was 
sampled for three, one-minute intervals during each test.  A diagram showing the 
locations of the SCR outlet grid sampling points is provided in the CAE report that is 
included as Appendix A to this report. 
Air Heater Inlet 
Ammonia sampling at the air heater inlet was conducted through two ports located 
immediately upstream of the unit’s air heaters.  One port was located at approximately 
the center (horizontal dimension) of the south wall of the eastern air heater inlet duct, 
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 and the other port was located at approximately the center of the south wall of the 
western air heater inlet duct.  Samples were drawn at a constant rate from a single 
point in each duct.  Each 60-minute test consisted of 30 minutes of sampling in the 
eastern duct and 30 minutes of sampling in the western duct.  Figure 4 presents a 
photograph of the air heater inlet sampling location. 
Air Heater Outlet 
SO2, SO3, HCl, HF, and Hg tests were conducted at the air heater outlet.  Figure 5 
presents a photograph of this location.  For HCl, HF, and Hg sampling, traverses were 
performed through three ports located in the flue gas ductwork between the air heater 
outlet and the Turbosorp® inlet, just upstream of the activated carbon injection point.  
Each port was sampled at three points during the testing in late March and at four 
points during the testing in early May (if applicable), resulting in nine- and twelve-point 
traverses, respectively.  Test durations were 55-63 minutes for HCl and HF, and 126 
minutes for mercury.  All HCl, HF, and mercury sampling was performed isokinetically. 
For the March 29 testing, SO3 samples were drawn at a constant rate from a single 
point in one port located in the air heater outlet duct, just upstream of the activated 
carbon injection point.  Each SO3 test at the air heater outlet on March 29 was 40 
minutes in duration.  For the May 2 testing, SO3 samples were drawn via a twelve-
point traverse, as described above for HCl and HF.  The SO3 sampling was performed 
at a constant rate, rather than isokinetically, however.  Each SO3 test at the air heater 
outlet on May 2 was 60 minutes in duration. 
Sulfur dioxide samples were drawn from a single port located immediately downstream 
of the three ports described above.  For the first two tests on March 29, the sample 
was drawn from a single point in this port.  For the third test on that day, a three-point 
traverse was performed through the same port.  Each SO2 test was 60 minutes in 
duration. 
Baghouse Outlet 
Sulfur dioxide samples were also drawn from a single port located in the vertically-
oriented ductwork between the baghouse outlet and the booster fan inlet.  This 
sampling location is shown in Figure 6.  For the first two tests on March 29, the sample 
was drawn from a single point in this port.  For the third test on that day, a three-point 
traverse was performed through the same port.  Each SO2 test was 60 minutes in 
duration. 
Stack 
SO3, HCl, HF, and Hg tests were conducted at the stack, which is shown in Figure 7.  
(As discussed above, measurements made by the unit’s stack CEM were also used in 
determining attainment of the performance targets for NOx and SO2). For HCl, HF, and 
Hg sampling, traverses were performed through four ports located at the 83-foot level 
platform.  Each port was sampled at four points during each test, resulting in a sixteen-
point traverse, as shown in Figure 8.  Test durations were 64 minutes for HCl and HF, 
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 and 120 minutes for mercury.  All HCl, HF, and mercury sampling was performed 
isokinetically. 
For the March 29 testing, SO3 samples were drawn at a constant rate from a single 
point in one of the four ports at the 83-foot level.  Each SO3 test at the stack on March 
29 was 60 minutes in duration.  For the May 2 testing, SO3 samples were drawn via a 
sixteen-point traverse, as described above for the other parameters.  The SO3 
sampling was performed at a constant rate, rather than isokinetically, however.  Each 
SO3 test at the stack on May 2 was 90 minutes in duration. 
Flue Gas Measurements 
Oxides of Nitrogen 
NOx measurements at the SCR inlet and SCR outlet were performed by Clean Air 
Engineering using U.S. EPA Method 7E, modified to incorporate the use of CAE’s 
Multipoint Automated Sampling System (MASS).  A complete description of the 
methodology is provided in the CAE report that is included as Appendix A to this 
report.  NOx measurements at the stack were made using the unit’s stack CEM. 
Ammonia 
Flue gas ammonia concentrations were measured in accordance with the procedures 
specified in U.S. EPA Conditional Test Method (CTM) 027.  Because of space 
constraints at the sampling locations, however, complete isokinetic traverses could not 
be completed (as discussed above, sampling was conducted using an incomplete 
traverse at an isokinetic sampling rate at the SCR outlet and at a constant sampling 
rate at the air heater inlet), and a heated Teflon sample line had to be used to connect 
the sampling probe to the impingers.  Given the presence of SO2 and SO3 in the flue 
gas and the temperature of the heated line (ca. 250 ºF), some of the collected 
ammonia was expected to condense out of the sample stream as ammonium bisulfate 
in the Teflon line, before reaching the impingers.  Hence, the contents of line were 
collected by rinsing with deionized water, and this line rinse was analyzed to account 
for the ammonia collected there.  The sampling procedure is described in more detail 
below. 
Samples were collected by pulling flue gas through a temperature-controlled quartz-
lined probe and an in-stack filter assembly.  The probe temperature was maintained at 
ca. 250 °F.  Upon exiting the probe, the flue gas passed through a heated Teflon 
sample line (maintained at ca. 250 °F) to the impinger train, where it flowed through a 
series of chilled impingers.  The first two impingers were Greenburg-Smith design, 
each containing 100 mL of a 0.1 normal (N) sulfuric acid (H2SO4) solution.  The third 
impinger, also containing 0.1 N H2SO4, was a Greensburg-Smith with the tip removed 
and was used to evaluate NH3 breakthrough.  The final impinger, a Greensburg-Smith 
without the tip, was filled with approximately 200 g of silica desiccant for moisture 
removal.  After exiting the impingers, the gas sample passed through a dry test meter 
where its volume was measured.  The O2 concentration in the gas exiting the dry test 
meter was monitored using a Teledyne Max V portable electrochemical O2 analyzer. 
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 Prior to sampling, the system was leak checked under a vacuum of approximately 10“ 
of Hg.  The sample probe was placed at the proper location in the sample port; the 
sample port opening was sealed, and gas was sampled for 40-60 minutes.  The 
following data were recorded: (1) starting gas volume, (2) interval gas volume, (3) final 
gas volume, (4) probe temperature, (5) heated line temperature, (6) meter differential 
pressure setting, (7) dry test meter temperature, (8) system vacuum, (9) exit gas O2 
concentration, (10) barometric pressure, and (11) sampling time.  Copies of the field 
data sheets are provided in Appendix C.  After sampling, the probe was removed from 
the duct, leak checked under a vacuum equal to or greater than the highest vacuum 
observed during testing, and the train components were disassembled for sample 
recovery.  The sample train components were recovered in the following manner:   
Sample Probe and In-Stack Filter Assembly - The quartz probe liner was rinsed with 
deionized water, and the rinse was collected in an approved sample container.  The 
filter was collected, but not analyzed, and the filter assembly was cleaned with 
deionized water.  (The filter assembly rinse was not recovered).  The probe rinse was 
diluted to a known volume and kept refrigerated prior to analysis. 
Heated line - The heated Teflon line was rinsed with deionized water, and the rinse 
was collected in an approved sample container.  The rinse was then diluted to a 
known volume and kept refrigerated prior to analysis. 
Impingers - The contents of the first three impingers and connecting glassware 
(including rinses of these sample train components with deionized water) were 
collected in approved sample containers.  These samples were then diluted to known 
volumes and kept refrigerated prior to analysis.   
Samples were analyzed for ammonium ion by ion chromatography per CTM 027.  The 
concentration of ammonia in the flue gas was calculated based on the mass of 
ammonium ion collected (sum of masses determined in the probe, heated line, and 
impingers) and the volume of flue gas sampled during the test.   
Sulfur Dioxide 
SO2 measurements at the air heater outlet and baghouse outlet were performed by 
Clean Air Engineering using U.S. EPA Method 6C.  A complete description of the 
methodology is provided in the CAE report that is included as Appendix A to this 
report.  SO2 measurements at the stack were made using the unit’s stack CEM. 
Sulfur Trioxide 
Flue gas SO3 concentrations were determined using a controlled condensation method 
originally developed by the U.S. EPA and modified by CONSOL R&D.  In this method, 
flue gas is pulled through a temperature-controlled quartz-lined probe that is fitted with 
a quartz wool plug to remove particulate matter.  The probe temperature is maintained 
at ca. 550 °F to minimize SO3 condensation and SO2 oxidation.  After the filter, the gas 
sample passes through a 140 °F, temperature-controlled condenser that is loosely 
packed with glass wool.  Essentially all of the SO3 is collected in the condenser.  The 
sample gas exits the condenser and enters a series of miniature impingers.  The first 
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 two impingers contain a 3% H2O2 solution, which captures the SO2.  The gas next 
passes through an empty impinger, and finally through a silica gel-filled impinger for 
moisture removal.  The gas is then conveyed through a rotameter, a vacuum pump, 
and a dry test meter.  The O2 concentration in the gas exiting the dry test meter is 
monitored using a Teledyne Max V portable electrochemical O2 analyzer. 
Prior to sampling, the system is leak checked under a vacuum of 10" of Hg.  The 
sample probe is then positioned at the proper location and gas is sampled for at least 
30 minutes.  The following data are recorded: (1) starting gas volume, (2) interval gas 
volume, (3) final gas volume, (4) probe temperature, (5) condenser temperature, (6) 
water bath temperature, (7) flue gas duct temperature, (8) dry test meter temperature, 
(9) flow meter setting, (10) system vacuum, (11) exit gas O2 concentration, (12) 
barometric pressure, and (13) sampling time.  Copies of the field data sheets are 
provided in Appendix C.  After sampling, the probe is removed from the duct, leak 
checked under a vacuum of 10" of Hg, purged with ambient air for 10 minutes, and the 
train components are disassembled for sample recovery.   
During the SO3 tests on March 29, the sample train components were recovered using 
isopropyl alcohol (IPA) rinses and analyzed by BaCl2 titration in the conventional way.  
The quartz plug was removed from the probe tip, placed in a glass bottle, and 
extracted with 20 mL of isopropyl alcohol .  The solids were filtered and the filtrate was 
diluted to a known volume prior to analysis.  The quartz probe liner was rinsed with 
IPA into a glass bottle and diluted to a known volume.  The condenser interior was 
also rinsed (via three complete rinses) with IPA into a glass bottle and the rinses were 
diluted to a known volume prior to analysis.  Each of these samples was analyzed by a 
BaCl2 titration to a thorin endpoint as described in EPA Method 6.  A blank IPA sample 
was titrated with the same BaCl2 titrant for comparison.  The quartz plug contains SO3 
that was absorbed onto the solid particles prior to collection in the sampling train.  The 
gas phase SO3 value is the sum of the probe and condenser rinses.  In most cases, 
the majority of the gas phase SO3 is found in the condenser rinse.  The SO3 values are 
reported in ppmvd at duct conditions and at 3% oxygen.  For the testing at AES 
Greenidge, the contents of the miniature impingers were not analyzed, because SO2 
concentrations were measured using continuous emission monitors. 
As discussed earlier in this report, it is possible that ammonia in the sampled flue gas 
interfered with the BaCl2 titrations for some or all of the SO3 samples collected on 
March 29, potentially biasing the results.  Therefore, to avoid possible NH3 
interference, the SO3 samples collected on May 2 were analyzed by ion 
chromatography rather than by BaCl2 titration.  IPA poses a problem for the IC 
analysis; hence, samples were recovered using deionized water instead of IPA. 
Hydrogen Chloride and Hydrogen Fluoride 
Flue gas acid gas measurements were obtained using a combined U.S. EPA Method 
17/26A sampling train.  In this method, gas is extracted isokinetically from the flue gas 
stream through an in-stack filter assembly, heated glass-lined probe, and heated 
sample line.  Probe and line temperatures are maintained at ~250 °F. 
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 The flue gas exits the sample line and passes through a series of chilled impingers.  
The first two impingers are Greenburg-Smith design, each containing 100 mL of a 0.1 
normal sulfuric acid (H2SO4) solution that collects the hydrogen halide portion of the 
sample, which is solubilized in the acidic solution and forms chloride (Cl-) and fluoride 
(F-) ions.  Because reductions in emissions of Cl2 and F2 were not targeted in the 
program at AES Greenidge, the Method 26A impinger train was altered to exclude the 
impingers specified for capturing those compounds.  The next impinger is initially 
empty to catch any excess moisture.  The gas exits the impinger train through a silica 
gel-filled impinger that removes uncondensed moisture from the sample gas. 
The sampling train design results in the following collection sequence: 
Sampling Train Component Species Measured 
Probe and Sample Line Rinse HCl & HF 
Impingers HCl & HF 
Sampling was performed isokinetically.  Oxygen readings were monitored at the outlet 
of the sampling train using a Teledyne Model Max V portable electrochemical O2 
analyzer.  Copies of the field data sheets are provided in Appendix C.  The Cl- and F- 
concentrations of the impinger solutions were determined by ion chromatography as 
specified in EPA Method 26A.  Copies of the laboratory analyses are provided in 
Appendix D.   
Mercury 
Flue gas mercury measurements were performed using the Ontario-Hydro Hg 
speciation method (ASTM D 6784-02).  Gas was extracted isokinetically from the flue 
gas stream through an in-stack filter assembly, heated glass-lined probe, and heated 
sample line.  Mercury collected in the filter is assumed to be particle-bound Hg (Hgpart).  
The flue gas exits the sample line and passes through a series of chilled impingers.  
The first three impingers are filled with 100 mL of a 1 M potassium chloride (KCl) 
solution.  Mercury captured in these impingers and in the probe and sample line, which 
are rinsed with HNO3 and HCl, is reported as oxidized Hg (Hg++).  The next impinger is 
filled with 100 mL of 5% nitric acid and 10% H2O2 solution to remove SO2 from the flue 
gas and preserve the oxidizing strength of the subsequent permanganate impingers.  
The next two impingers are filled with 100 mL of an acidic potassium permanganate 
(KMnO4) solution.  Mercury captured in the nitric acid impinger and the potassium 
permanganate impingers is reported as elemental mercury (Hg0).  The next impinger is 
blank to catch any excess moisture.  The gas exits the impinger train through a silica 
gel-filled impinger that removes uncondensed moisture from the sample gas.   
Oxygen readings were monitored at the outlet of the sampling train using a Teledyne 
Max V portable electrochemical O2 analyzer.  Copies of the field data sheets are 
provided in Appendix C.   
The Hg concentration of the individual impinger solutions and sampling component 
rinses was determined by cold vapor atomic absorption spectroscopy (CVAA) as 
specified in the Ontario-Hydro Method.  Analyses were conducted using a Thermo 
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 Unicam 969 CVAA.  The concentration of Hg on the filter solids was determined 
according to the procedures described in ASTM D 6414 or ASTM D 6722. 
Solid and Liquid Process Sample Analyses 
Solid and liquid process samples were analyzed using the following methods: 
 
ASTM D 2013 Preparing Coal Samples for Analysis.  This standard practice covers 
the reduction and division of gross or divided samples up to and including the 
individual portions used for laboratory analysis. 
 
ASTM D 5142 Proximate Analysis of the Analysis Sample of Coal and Coke by 
Instrumental Procedures.  Moisture, volatile matter and ash are determined 
sequentially in a single instrumental procedure by establishing the loss in mass of the 
analysis specimen when heated under rigidly controlled conditions of temperature, 
time, atmosphere, and specimen mass. 
 
ASTM D 5373 Instrumental Determination of Carbon, Hydrogen, and Nitrogen in 
Laboratory Samples of Coal and Coke.  Carbon, Hydrogen, and Nitrogen are 
determined concurrently in a single instrumental procedure. The conversion of the 
subject materials in each sample occurs during combustion of the sample at an 
elevated temperature in an atmosphere of purified oxygen.  
 
ASTM D 4239 Sulfur in the Analysis Sample of Coal and Coke Using High-
Temperature Combustion and Infrared Absorption.  The test specimen is heated in a 
tube furnace in a stream of oxygen to oxidize the sulfur to sulfur dioxide. The gas 
stream containing the sulfur dioxide is passed through a cell where it is measured at a 
precise wavelength by an infrared absorption detector.  
 
ASTM D 5865 Gross Calorific Value of Coal and Coke.  A weighed sample of coal is 
burned under controlled conditions in an oxygen bomb calorimeter. The higher heating 
value is calculated from the temperature rise of the water in the calorimeter vessel and 
the effective heat capacity of the system. Corrections are made for the heat released 
by the ignition of the fuse and the thermochemical reactions forming nitric and sulfuric 
acids.  
 
ASTM D 6721 Determination of Chlorine by Oxidative Hydrolysis Microcoulometry.  A 
weighed sample is combusted with tungsten accelerator in a humidified oxygen gas 
flow, at 900 °C. Halogens are oxidized and converted to hydrogenated halides, which 
are flushed into a titration cell where they accumulate. Chlorine is converted to 
hydrochloric acid. Once the chloride is captured in the electrolyte of the titration cell, it 
can be quantitatively determined by microcoulometry. 
 
ASTM D 6349 Determination of Major and Minor Elements in Coal, Coke, and Solid 
Residues from Combustion of Coal and Coke by Inductively Coupled Plasma-Atomic 
Emission Spectrometry.  The sample to be analyzed is ashed under standard 
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 conditions and ignited to a constant weight. The ash is digested in a mixture of 
hydrofluoric, nitric, and hydrochloric acids. The solution is then analyzed by ICP-AES, 
in which characteristic line emission spectra are produced by a radio-frequency 
inductively coupled plasma. The intensity of these emissions is proportional to the 
concentration of analyte in the sample. 
 
ASTM D 3302 Standard Test Method for Total Moisture in Coal. 
All of the moisture in and on a sample of coal is determined based on the loss of 
weight in a coal sample in an air atmosphere under rigidly controlled conditions of 
temperature, time, and air flow.  
 
ASTM D 5987 Total Fluorine in Coal and Coke by Pyrohydrolytic Extraction and Ion 
Chromatography. A weighed sample is subjected to pyrohydrolytic combustion 
conditions. Fluorine is quantitatively released from the sample matrix and retained in 
the pyrohydrolysate that is gravimetrically processed. The total concentration in the 
sample is then determined by ion chromatography. 
 
ASTM D 6722 Total Mercury in Coal and Coal Combustion Residues by Direct 
Combustion Analysis. The analysis sample is heated under oxidative conditions and 
chemically decomposed. Flowing oxygen carries the decomposition products to a gold 
amalgamator that selectively traps mercury. The amalgamator is rapidly heated, 
releasing mercury vapor that is carried through an atomic absorption 
sprectrophotometer. Mercury concentration is measured as a function of absorbance 
peak area.  
 
ASTM D 5967 Digestion with ASTM D 6357 Analysis for the Determination of Se.  A 
weighed sample is subjected to pyrohydrolytic combustion conditions. Selenium is 
quantitatively released from the sample matrix and subsequently analyzed by 
inductively coupled plasma mass spectrometry (ICPMS).  
 
SM 4500-H B for the Determination of pH.  The activity of hydrogen ions is determined 
by potentiometric measurement using a standard hydrogen electrode and a reference 
electrode.  
 
SM 2540D for the Determination of Total Suspended Solids.  A well mixed sample is 
filtered through a weighed standard glass-fiber filter and the residue retained on the 
filter is dried to a constant weight. The increase in the weight of the filter represents 
the total suspended solids.  
 
SM 4500-NH3 E for the Determination of Ammonia.  An ammonia selective electrode 
equipped with a hydrophobic gas permeable membrane separates the sample solution 
from an electrode internal solution of ammonium chloride. Ammonia diffuses through 
the membrane and potentiometric measurements are subsequently made by an ion 
selective electrode. 
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 SM 3112B for the Determination of Mercury.  The mercury in an aqueous sample is 
reduced to vaporous elemental mercury and is determined by cold vapor atomic 
absorption or by cold vapor atomic fluorescence. 
 
SM 4110B for the Determination of Anions by Ion Chromatography.  Phosphate in a 
portion of test solution is determined by ion chromatography with chemical 
suppression of eluent conductivity. 
 
Density using the Paar Digital Density Meter DMA35. The sample is passed through a 
vibrating tube.  The sample density is proportional to the period of vibration in the tube. 
 
In addition to the methods listed above, which were used by CONSOL R&D to analyze 
solid and liquid process samples, CTL Group analyzed pebble lime, hydrated lime, and 
Turbosorp®/baghouse product ash samples by the following methods (see Appendix B 
for additional details): 
 
Pebble Lime
Available CaO  ASTM C 25, Section 28 
Slaking Rate / Residue ASTM C 110-05, Section 11 
 
Hydrated Lime
Density   ASTM C 110, Sections 19 and 20 
Particle Size Distribution Laser Diffraction (wet dispersion in isopropanol) 
Surface Area   BET (N2, single point) 
 
Product Ash 
Particle Size Distribution Laser Diffraction (wet dispersion in isopropanol) 
 
QUALITY ASSURANCE AND QUALITY CONTROL 
Test Equipment 
The CONSOL field sampling team uses standard EPA-type sampling equipment.  The 
majority of the equipment used in the manual sampling methods was obtained from 
Thermo-Andersen (formerly known as Andersen Instruments, Graseby-Nutech, and 
Nutech) and conforms to all applicable test codes.  CONSOL used a Mettler electronic 
balance for pre- and post-test dust weights.  This balance is checked daily with class 
"S" calibration weights. 
All sampling trains were leak checked prior to each test and again at the end of each 
test.  All sample trains, with the exception of CTM 027 sample trains, were purged with 
air for ten minutes and then disassembled and transported to the lab trailer for 
recovery. 
A Teledyne Max V portable gas analyzer was used for determining flue gas 
composition at the sample train discharge.  The meter operator uses the readings to 
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 assess the operation of the sampling train and the unit operation.  Past experience has 
indicated the accuracy of the oxygen determination by this analyzer is equal to or 
better than that of a manual Orsat analyzer. 
Oxides of Nitrogen Measurements 
Quality assurance / quality control information for the NOx measurements at the SCR 
inlet and outlet is provided in the Clean Air Engineering report that is included as 
Appendix A to this report. 
Ammonia Measurements 
Although not required by method, samples were run in duplicate by ion 
chromatography.  The average result for each sample was reported.  In all cases, the 
duplicate results had a relative percent difference of ≤10%.  An independent quality 
control standard with a concentration of approximately the midpoint of the calibration 
curve range was run immediately after calibration and after every 10 samples.  In all 
cases, recovery of the quality control standard was between 90% and 110%.  One 
sample per batch was spiked at 2 mg/L NH3 as N to assess any possible matrix 
issues; none were discovered.  Blank samples of the deionized water and 0.1 N H2SO4 
reagents used for sample recovery were also run to confirm that their ammonia 
content was less than the analytical limit of detection (0.1 mg/L NH3 as N). 
Sulfur Dioxide Measurements 
Quality assurance / quality control information for the SO2 measurements at the air 
heater outlet and baghouse outlet is provided in the Clean Air Engineering Report that 
is included as Appendix A to this report. 
Sulfur Trioxide Measurements 
For the IC analyses, immediately after calibration of the ion chromatograph, an 
independent calibration verification (ICV) sample was analyzed in duplicate.  Recovery 
of the ICV sample met the 100±10% criterion, and the duplicate results had a relative 
percent difference of ≤5%.  An independent, secondary QC standard was analyzed in 
duplicate after every 10th sample.  In all cases, recovery of the secondary QC standard 
was 100±10%, and replicate results agreed within 5%.  All samples were run in 
duplicate.  If duplicate results were within 5% of each other, then the average of the 
duplicates was reported.  If results did not agree within 5%, the samples were run 
again in duplicate and the average of the four replicates was reported.  A blank sample 
of the deionized water used for sample recovery was also included in the run to verify 
that background SO42- concentrations were low. 
Hydrogen Chloride and Hydrogen Fluoride Measurements 
HCl and HF samples were analyzed per EPA Method 26A.  Immediately after 
calibration of the ion chromatograph, an ICV sample was analyzed in duplicate.  
Recovery was 100±10% for both Cl- and F-, and the duplicate results had relative 
percent differences of ≤5% for both species.  An independent, secondary QC sample 
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 was analyzed in duplicate after every 10 samples.  In all cases, recovery of Cl- and F- 
in the secondary QC standard was 100±10%, and replicate results agreed within 5%.  
All samples were run in duplicate.   If duplicate results agreed within 5%, then the 
average of the duplicates was reported.  If results were not within 5% of one another, 
the samples were run again in duplicate and the average of the 4 replicates was 
reported, per Method 26A.  Although not required by method, one sample per batch 
was spiked at 2 mg/L Cl- and 2 mg/L F- to assess any possible matrix issues; none 
were discovered.  A blank sample of the 0.1 N H2SO4 impinger solution was also 
analyzed by ion chromatography.  Any blank value in excess of the detection limit (0.2 
mg/L for both Cl- and F-) was subtracted from the HCl or HF analysis results, as 
permitted by EPA Method 26A.         
Mercury Measurements 
Samples were prepared and analyzed as outlined in ASTM D 6784-02 (Ontario Hydro 
Method).  Analysis was completed on a Thermo Unicam 969 CVAA, which has a 
detection limit of 0.14 µg/L.  R2 values for all instrument calibration curves were 
>0.999.  An independent calibration verification sample, NIST SRM 1641D, prepared 
to an Hg concentration of 4.0 µg/L, was analyzed immediately after calibration.  If 
recovery of Hg in the ICV was not within 100±10%, then the analyzer was re-calibrated 
before proceeding.  The ICV was reanalyzed after every 10th sample; if it did not 
satisfy the 100±10% criterion, then the run was stopped, the analyzer was 
recalibrated, and the affected samples were reanalyzed.  All samples were run in 
duplicate with an acceptance criterion of 10% relative percent difference.  (Four 
samples were slightly above 10% RPD).  One in 10 samples was analyzed in triplicate 
with an acceptance criterion of 10% relative standard deviation.  Matrix spikes were 
included at a 1-in-10 sample frequency with an acceptance criterion of 100±10% spike 
recovery.  Although not required by ASTM D 6784-02, (3) digestion duplicates and (3) 
digestion spikes were included to assess the efficiency of the digestions.   
Particulate-impregnated filters and blank filter thimbles were digested according to 
ASTM D 6414 and then analyzed in duplicate with an acceptance criterion of 10% 
relative percent difference.  Matrix spikes were included at a 1-in-10 sample 
frequency, with an acceptance criterion of 100±10% spike recovery.  NIST SRM 
1633B was digested and analyzed with the batch of filters; recovery of Hg in the SRM 
was required to be 100±10%.  Loose particulate from filter thimbles was analyzed 
according to ASTM D 6722.  One out of every ten samples was analyzed in duplicate 
with an acceptance criterion of 10% relative percent difference.  Again, a sample of 
NIST SRM 1633B was analyzed with the batch of samples; 100±10% recovery of Hg 
in the SRM was required.    
Mercury Material Balance 
Mercury material balances were performed to confirm the quality of the mercury 
measurements made on March 28 and 30.  These material balances, which were 
performed independently for each test run, compare the total amount of mercury 
leaving the process during the test with the total amount of mercury entering the 
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 process during the test.  The mercury material balance closure is the total mercury 
output from the process divided by the total mercury input, expressed as a percentage.   
For AES Greenidge Unit 4, potential mercury input streams include the coal, urea, 
activated carbon (on March 30), process water, and hydrated lime.  Potential mercury 
output streams include the bottom ash, Turbosorp® hopper ash, Turbosorp®/baghouse 
product ash, and stack flue gas.   
For purposes of the Hg material balances, the amount of mercury entering or exiting 
the process via the urea, activated carbon, process water, bottom ash, and 
Turbosorp® hopper ash streams was assumed to be negligible.  Based on mercury 
concentrations determined in the urea samples that were collected during each of the 
mercury tests performed on March 28 and 30 (all less than the analytical detection 
limit of 0.35 µg/L) and the average urea feed rate recorded by the plant during these 
test periods (47 gal/h, or 178 L/h), the urea contributed less than 0.01% of the total Hg 
input to the process.  The activated carbon also contributed less than 0.01% of the 
total Hg input, based on the Hg concentration of 0.005 ppm determined in activated 
carbon samples collected during testing and on the design carbon injection rate of 89 
lb/h.  Process water samples were not collected during the tests on March 28 and 30.  
However, even if the Hg concentration in the process water equaled the EPA drinking 
water standard of 2 µg/L (likely a high estimate), the process water would have 
contributed less than 2% of the total Hg input to the process, assuming the design 
process water flow rate of 121 gal/h (combination of urea dilution water and water 
injected into the Turbosorp® system).  Bottom ash samples also were not collected 
during the testing on March 28 and 30; hence, the exact Hg content of the bottom ash 
is not known.  However, during baseline testing at AES Greenidge in November 2004, 
the bottom ash contained less than 0.1% of the total Hg output from the unit.  Finally, 
the flow rate of ash leaving the Turbosorp® hopper is not known, but it is insignificant 
relative to the flow rate of Turbosorp®/baghouse product ash leaving the process.  The 
concentration of Hg in the Turbosorp® hopper ash was also only about 35% as great 
as that in the Turbosorp®/baghouse product ash.  Hence, it is reasonable to assume 
that the urea, activated carbon, process water, bottom ash, and Turbosorp® hopper 
ash were not significant sources or sinks of mercury.   
Methods used to measure or estimate the amount of mercury fed to or removed from 
the system via the remaining process streams are summarized below. 
Mercury Input from Coal 
Coal feed rates during the tests were recorded and provided by the plant.  Coal 
samples were collected at approximately the beginning and middle of each test; the 
samples from each test were composited and analyzed for mercury.  The mercury 
input from coal was computed as the product of the coal feed rate and the mercury 
concentration in the coal. 
Mercury Input from Hydrated Lime
The mass flow rate of hydrated lime being fed to the Turbosorp® absorber vessel was 
estimated for each test by performing a calcium balance around the Turbosorp® 
system.  The mass flow rate of Ca entering the Turbosorp® system via the fly ash was 
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 estimated from the coal feed rate, coal ash content, and coal ash composition; per the 
assumptions made during baseline testing, which were based on historic plant data, 
we assumed that 90.5% of the coal ash is converted to fly ash.  The mass flow rate of 
Ca exiting the Turbosorp® system via the product ash was estimated from the product 
ash mass flow rate (estimated as described below) and the Ca content of the product 
ash sample(s) collected during the test.  The required mass flow rate of Ca in the 
hydrated lime stream was then calculated by subtracting the flow rate of Ca in the fly 
ash stream from the flow rate of Ca in the product ash stream, and the total mass flow 
rate of hydrated lime was computed by dividing this result by the weight percentage of 
Ca determined in the hydrated lime sample collected during the test.  To compute the 
mercury input from hydrated lime, the mercury concentration determined in the 
hydrated lime sample was multiplied by the estimated hydrated lime mass flow rate. 
Mercury Output via Product Ash
The mass flow rate of Turbosorp®/baghouse product ash being discharged from the 
process was estimated for each test by performing a sulfur balance around the 
Turbosorp® system.  The mass flow rate of sulfur entering the Turbosorp® system was 
estimated from the coal feed rate and coal sulfur content measured during the test, 
and the mass flow rate of sulfur exiting the system via the stack flue gas was 
calculated using the average stack flue gas flow rate and SO2 concentration measured 
during the test.  (SO2 concentrations were obtained from the plant’s stack CEM, and 
flue gas flow rates were computed as the average of values measured by the stack 
CEM and by CONSOL as part of the Ontario Hydro method.  Plant flow rate 
measurements were converted to a dry basis using flue gas moisture concentrations 
determined as part of the Ontario Hydro method).  The required mass flow rate of 
sulfur in the product ash stream was then calculated by subtracting the flow rate of 
sulfur in the stack flue gas stream from the flow rate of sulfur entering the Turbosorp® 
system, and the total mass flow rate of product ash was computed by dividing this 
result by the weight percentage of sulfur determined in the product ash sample(s) 
collected during the test.  To compute the mercury output via product ash, the mercury 
concentration determined in the product ash sample(s) was multiplied by the estimated 
product ash mass flow rate. 
Mercury Output via Stack Flue Gas
The mercury output via the stack flue gas was measured using the Ontario Hydro 
method.  For all tests, the concentration of mercury in the flue gas was less than the 
detection limit of the method; for purposes of the Hg material balances, the Hg 
concentration was assumed to be equal to the detection limit value. 
Mercury material balance results for the tests conducted on March 28 and March 30 
are summarized in Tables 21 and 22, respectively.  For the tests performed on March 
28, during which no activated carbon was being injected into the system, the material 
balance closures ranged from 93-109% for the individual tests, with a three-test 
average of 101%.  For the tests performed on March 30, during which activated 
carbon was being injected into the system, the material balance closures ranged from 
119-121% for the individual tests, with a three-test average of 120%.  CONSOL’s 
QA/QC criterion for material balance closure for a single test is 100±30%.  The 
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 criterion for a three-test average is 100±20%.  Hence, all of the tests on both days 
satisfied these criteria. 
 
Table 21. Summary of Material Balance Closure for Hg Measurements 
Performed on March 28, 2007 
CONSOL Test No. 1 2 3 Average 
  Hg Input from Coal (lb/h) 7.45E-03 8.30E-03 7.01E-03 7.59E-03 
  Hg Input from Hydrated Lime (lb/h) 4.98E-05 5.03E-05 4.85E-05 4.95E-05 
      Total Hg Input (lb/h) 7.50E-03 8.35E-03 7.05E-03 7.63E-03 
  Hg Output in Product Ash (lb/h) 7.18E-03 7.42E-03 7.29E-03 7.30E-03 
  Hg Output in Stack Gas (lb/h) 3.41E-04a 3.59E-04a 3.89E-04a 3.63E-04a
      Total Hg Output (lb/h) 7.52E-03 7.77E-03 7.68E-03 7.66E-03 
  Hg Material Balance Closure 
  (output / input) = 100% 93% 109% 101% 
aMeasured to be less than detection limit; for this calculation, assumed to equal detection limit. 
 
Table 22. Summary of Material Balance Closure for Hg Measurements 
Performed on March 30, 2007 
CONSOL Test No. 4 5 6 Average 
  Hg Input from Coal (lb/h) 7.23E-03 6.79E-03 6.64E-03 6.88E-03 
  Hg Input from Hydrated Lime (lb/h) 6.54E-05 5.73E-05 4.63E-05 5.61E-05 
      Total Hg Input (lb/h) 7.29E-03 6.84E-03 6.68E-03 6.94E-03 
  Hg Output in Product Ash (lb/h) 8.25E-03 7.74E-03 7.63E-03 7.88E-03 
  Hg Output in Stack Gas (lb/h) 4.08E-04a 4.19E-04a 4.31E-04a 4.19E-04a
      Total Hg Output (lb/h) 8.66E-03 8.16E-03 8.06E-03 8.29E-03 
  Hg Material Balance Closure 
  (output / input) = 119% 119% 121% 120% 
aMeasured to be less than detection limit; for this calculation, assumed to equal detection limit. 
 
The March 30 tests, however, exhibited a consistent positive deviation from 100% 
closure and narrowly satisfied the criterion for a three-test average.  For each of the 
tests conducted that day, the calculated amount of Hg exiting the system was about 
20% greater than the calculated amount of Hg entering the system.  This deviation 
from 100% closure could have arisen partially from the assumption that the 
concentration of Hg in the stack flue gas equaled the detection limit of the Ontario 
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 Hydro method during the tests.  If it is assumed that the Hg concentration in the stack 
gas was zero (rather than the detection limit value of ~0.6 µg/m3), then the three-test 
average closure decreases to 114%.  This is still insufficient to fully account for the 
positive deviation from 100% closure, however.  Hence, it is likely that this deviation is 
attributable to an overestimation of the product ash mass flow rate, which could have 
resulted from errors in one or more of the measurements (i.e., coal sulfur content, coal 
feed rate, stack SO2 concentration, stack flow rate, stack moisture, product ash sulfur 
content) used to estimate this flow rate.  Material balances were performed for SiO2 
and Al2O3 using the same assumptions that were used for the Hg material balances.  
The three-test average closures on March 30 were 111% for SiO2 and 117% for Al2O3, 
consistent with the results for Hg.  (For comparison, the three-test average closures for 
the March 28 tests were 97% for SiO2 and 100% for Al2O3).  This supports the notion 
that the deviation from 100% closure resulted from a misestimation of the flow rate of 
one or more process streams, rather than from an error in the mercury concentration 
measurements. 
The Hg material balance closure results presented in Tables 21 and 22 provide no 
information about the quality of the Hg concentrations measured at the air heater 
outlet using the Ontario Hydro method.  Under the assumption that the amount of Hg 
exiting the system via the bottom ash is negligible, the mass flow rate of Hg at the air 
heater outlet should approximately equal the mass flow rate of Hg in the coal.  Tables 
23 and 24 compare these flow rates for the tests that were conducted on March 28 
and March 30, respectively.  For all of the tests conducted on both days, the mass flow 
rate of Hg measured at the air heater outlet agreed with the mass flow rate of Hg in the 
coal to within ±8%, lending support to the quality of the measurements. 
 
Table 23. Comparison of Hg Mass Flow Rates in the Coal and at the Air 
Heater Outlet for Hg Measurements Performed on March 28, 2007 
CONSOL Test No. 1 2 3 
  Hg Input from Coal (lb/h) 7.45E-03 8.30E-03 7.01E-03 
  Hg at Air Heater Outlet (lb/h) 7.07E-03 7.76E-03 7.54E-03 
     Percent Difference from Coal Hg -5.1% -6.5% 7.6% 
 
Table 24. Comparison of Hg Mass Flow Rates in the Coal and at the Air 
Heater Outlet for Hg Measurements Performed on March 30, 2007 
CONSOL Test No. 4 5 6 
  Hg Input from Coal (lb/h) 7.23E-03 6.79E-03 6.64E-03 
  Hg at Air Heater Outlet (lb/h) 6.92E-03 7.01E-03 6.48E-03 
     Percent Difference from Coal Hg -4.3% 3.3% -2.4% 
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Figure 2. SCR Inlet Sampling Location with Clean Air Engineering’s NOx Multi-
Point Automated Sampling System 
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Figure 3. SCR Outlet Sampling Location 
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Figure 4. Air Heater Inlet Sampling Location 
 41
  
Figure 5. Air Heater Outlet Sampling Location 
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Figure 6. Baghouse Outlet Sampling Location 
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Figure 7. Stack Sampling Location 
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Figure 8. Stack Sampling Dimensions and Traverse Points 
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Revision 1 
Consol Energy Inc. (Consol) contracted Clean Air Engineering (CleanAir) to perform 
guarantee testing at the AES Greenidge Station in Dresden, NY.  The testing was 
conducted in order to demonstrate a cost effective emission control technology. 
 
All testing was performed in accordance with regulations set forth by the United States 
Environmental Protection Agency (USEPA).   
 
The test included the following constituents: 
 
SCR Inlet and Outlet 
• nitrogen oxides (NOx) 
• flue gas composition (O2, CO2) 
 
Air Heater Outlet and Baghouse Outlet 
• sulfur dioxide (SO2) 
• flue gas composition (O2, CO2) 
 
 
The testing took place on Greenidge Unit 4 on March 28 and 29, 2007.  Coordinating 
the field testing were: 
 
J. Locke – Consol Energy Inc. 
D. Connell – Consol Energy Inc. 
S. Lehmann - Clean Air Engineering 
J. McKeever – Clean Air Engineering 
 
Table 1-1 outlines the schedule adhered to during the test program.  Tables 1-2 and 1-3 
summarize the results of the test program.  A more detailed presentation of the test 
conditions and results of analysis are shown on tables 2-1 through 2-10 and Figures 2-1 
through 2-9. 
 
1 Project Overview 
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Table 1-1: 
Unit 4 Schedule of Activities 
 
Run 
Number Location Method Analyte Date
Start 
Time
End 
Time
1 Unit 4 SCR Inlet/Outlet USEPA Method 3A, 7E O2, CO2, NOX 03/28/07 09:12 10:23
2 Unit 4 SCR Inlet/Outlet USEPA Method 3A, 7E O2, CO2, NOX 03/28/07 11:12 12:23
3 Unit 4 SCR Inlet/Outlet USEPA Method 3A, 7E O2, CO2, NOX 03/28/07 12:48 13:59
1 Unit 4 AH Outlet/ BH Outlet USEPA Method 3A, 6C O2, CO2, SO2 03/29/07 09:59 11:00
2 Unit 4 AH Outlet/ BH Outlet USEPA Method 3A, 6C O2, CO2, SO2 03/29/07 12:16 13:17
3 Unit 4 AH Outlet/ BH Outlet USEPA Method 3A, 6C O2, CO2, SO2 03/29/07 15:13 16:13  
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Table 1-2: 
Summary of Nitrogen Oxides Test Results 
 
Source
Unit 4 SCR Inlet
NOX (ppmdv @ 3% O2) EPA M7E 87.8
O2 (%dv) EPA M3A 4.7
CO2 (%dv) EPA M3A 14
Unit 4 SCR Outlet
NOX (ppmdv @ 3% O2) EPA M7E 51.8
O2 (%dv) EPA M3A 4.9
CO2 (%dv) EPA M3A 13.9
Unit 4 NOX Reduction
NOX Reduction (% Efficiency) 41.0
Sampling 
Method
Average 
EmissionConstituent
 
 
 
 
 
 
Table 1-3:  
Summary of Nitrogen Oxides Test Result in (lb/MMBtu) 
 
 
Source
Unit 4 SCR Outlet
NOX (ppmdv @ 3% O2) 52.7 52.7 50.1 51.8
Fd Factor (dscf/MMBtu) 9737 9618 9535
NOx (lb/MMBtu @ 3% O2) 0.0711 0.0709 0.0674 0.0698
Note: Fd factor was determined by short prox/ultimate analysis (provided by Consol Energy Inc.)
Run 1
Average 
EmissionConstituent Run 2 Run 3
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Table 1-4: 
Summary of Sulfur Dioxide Test Results 
 
Source
Unit 4 Air Heater Outlet
SO2 (ppmdv @ 3% O2) EPA M6C 1840.8
O2 (%dv) EPA M3A 7.32
CO2 (%dv) EPA M3A 11.56
Unit 4 Baghouse Outlet
SO2 (ppmdv @ 3% O2) EPA M6C 108.9
O2 (%dv) EPA M3A 7.30
CO2 (%dv) EPA M3A 11.57
Unit 4 SO2 Reduction
SO2 Reduction (% Efficiency) 94.1
Sampling 
Method
Average 
EmissionConstituent
 
 
 
DISCUSSION OF TEST PROGRAM 
Testing on AES Greenidge Unit 4 consisted of several USEPA methods and conformed 
to Part 60 of the Code of Federal Regulations.  The testing at all four locations was 
conducted using extractive methods.  These tests were performed with the units running 
at full load. 
 
The SO2 testing was based on a modified Method 6C.  USEPA Code of Federal 
Regulations part 60 was followed with the following exceptions.  During the sampling 
a single test point was used during the first two runs, this point was chosen by selecting 
a point in the center of the duct.  For the third SO2 run a single port was traversed using 
3 points across the duct. 
 
To collect NOx, CO2, and O2 emissions data, Clean Air used its Multipoint Automated 
Sampling Systems (MASS). Using the MASS, Clean Air was able to establish a 
sampling grid and develop a detailed NOX, and O2 profile for both the inlet and outlet 
ducts.   This proprietary system allows a large number of sample points to be 
individually analyzed in a short amount of time giving a more complete view of the gas 
profile within the duct.  Not only are overall concentrations in the duct discovered, but 
also spatial stratification or temporal variation. 
 
This tool takes much of the wait out of boiler or SCR tuning and optimization by 
creating an efficient method of data collection.  Decision making time is reduced and 
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enhanced with expedient, accurate, and reliable data.  The expanded data capacity 
allows for increased analytical ability and a better “big picture” of unit operation.  
 
Description of the MASS® 
The Clean Air Engineering’s MASS® (Multi-Point Automated Sampling System) uses 
a series of automated 8-point sample modules with integrated programmable logic 
controllers (PLC’s) to sequentially and rapidly cycle through a multi-point test grid.  
For this program, a 24-point permanent outlet grid was tested using an 8 module 
system.  Using a bank of two (2) O2/CO2 monitors and (2) NOX monitors, the 24-point 
traverse was completed in 24 minutes.  This is a considerable time savings over the 
typical 2 hour manual traverse.  
 
The MASS® has been programmed to automatically cycle through and analyze each 
point on the grid.  The key is the dynamic switching which allows for a vented “pre-
purge” prior the actual analysis allowing for zero wasted analyzer time. This modular 
and expandable system is capable of analyzing 128 individual sample points in 32 
minutes or less.  A diagram of the system can be seen in Figure 1-1 below. This shows 
a general arrangement process flow diagram for a “typical” 64-point MASS® system 
arrangement. 
 
 
 
Figure 1-1:  MASS® System 
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Table 2-1: 
Run 1 SCR Inlet – MASS® NOX, and O2 
 
Date: 3/28/2007
Start Time: 9:12
End Time: 10:23
Inlet - Nitrogen Oxides (ppmdv @ 3% O2)
AVG 98.0 91.4 93.7 87.1
6 108.9 107.0 107.7 87.7 102.8
5 80.4 72.8 77.5 69.5 75.1
4 89.0 82.4 84.7 82.2 84.6
3 100.5 100.5 104.2 97.8 100.8
2 105.5 85.9 86.9 87.4 91.5
1 103.8 99.7 101.4 98.2 100.8
1 2 3 4 92.6
Inlet - Oxygen (%dv)
AVG 5.5 4.9 4.1 4.4
6 8.6 6.8 6.3 6.6 7.1
5 4.8 4.5 4.5 4.5 4.6
4 4.4 3.9 3.7 3.7 3.9
3 5.0 5.3 3.3 3.2 4.2
2 2.9 3.0 2.9 2.5 2.8
1 7.5 6.0 4.0 5.7 5.8
1 2 3 4 4.7  
 
 
2 Results 
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Figure 2-1: 
Run 1 SCR Inlet – MASS® NOX, and O2 
 
 
 
 
 
CONSOL ENERGY INC. Client Reference No:  4700140111 
AES GREENIDGE STATION CleanAir Project No:  10192 
 
 
RESULTS 2-3 
Revision 1 
Table 2-2: 
Run 1 SCR Outlet – MASS® NOX, and O2 
 
Date: 3/28/2007
Start Time: 9:12
End Time: 10:23
Outlet - Nitrogen Oxides (ppmdv @ 3% O2)
AVG 69.9 58.2 52.0 30.9
6 55.9 59.0 28.1 6.2 37.3
5 61.7 27.3 32.8 4.8 31.7
4 68.8 85.8 67.2 39.4 65.3
3 65.2 77.2 85.0 75.3 75.7
2 91.8 62.3 73.4 51.8 69.8
1 75.9 37.4 25.4 7.8 36.6
1 2 3 4 52.7
Outlet - Oxygen (%dv)
AVG 5.7 5.3 4.5 4.0
6 7.7 6.7 5.5 5.6 6.4
5 6.3 4.9 4.3 4.0 4.9
4 4.7 5.9 4.9 4.5 5.0
3 5.3 4.7 4.4 3.5 4.5
2 5.6 4.6 4.3 2.7 4.3
1 4.9 5.0 3.7 3.5 4.3
1 2 3 4 4.9  
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Figure 2-2: 
Run 1 SCR Outlet – MASS® NOX, and O2 
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Table 2-3: 
Run 1 MASS® – NOX Removal Efficiency 
Date: 3/28/2007
Start Time: 9:12
End Time: 10:23
Removal Efficiency (@ 3% O2)
AVG 28.3% 36.1% 43.6% 65.6%
6 48.7% 44.8% 73.9% 92.9% 65.1%
5 23.3% 62.5% 57.7% 93.1% 59.1%
4 22.8% -4.1% 20.7% 52.0% 22.8%
3 35.1% 23.2% 18.4% 23.0% 24.9%
2 13.0% 27.5% 15.6% 40.8% 24.2%
1 26.8% 62.5% 75.0% 92.1% 64.1%
1 2 3 4 43.4%  
 
 
 
Figure 2-3: 
Run 1 MASS® – NOX Removal Efficiency  
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Table 2-4:  
Run 2 SCR Inlet – MASS® NOX, and O2 
 
Date: 3/28/2007
Start Time: 11:12
End Time: 12:23
Inlet - Nitrogen Oxides (ppmdv @ 3% O2)
AVG 93.4 84.7 86.7 80.3
6 102.6 96.6 98.2 77.2 93.6
5 73.5 63.0 69.9 61.7 67.0
4 86.3 77.6 80.4 77.5 80.4
3 96.1 95.6 99.5 94.5 96.4
2 99.6 80.1 78.6 78.3 84.1
1 102.3 95.4 93.6 92.8 96.0
1 2 3 4 86.3
Inlet - Oxygen (%dv)
AVG 5.5 4.9 4.1 4.4
6 8.6 6.8 6.3 6.4 7.0
5 4.6 4.3 4.4 4.3 4.4
4 4.3 3.8 3.6 3.5 3.8
3 5.0 5.4 3.3 3.1 4.2
2 3.1 3.2 3.0 2.7 3.0
1 7.6 6.1 4.2 6.3 6.0
1 2 3 4 4.7  
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Figure 2-4:  
Run 2 SCR Inlet – MASS® NOX, and O2 
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Table 2-5:  
Run 2 SCR Outlet – MASS® NOX, and O2 
 
Date: 3/28/2007
Start Time: 11:12
End Time: 12:23
Outlet - Nitrogen Oxides (ppmdv @ 3% O2)
AVG 73.0 56.2 51.4 30.0
6 67.3 52.8 24.9 5.1 37.5
5 60.4 24.7 31.7 4.2 30.3
4 74.0 87.3 69.9 42.5 68.4
3 66.5 78.9 86.2 76.5 77.0
2 92.1 58.5 72.6 45.1 67.1
1 78.0 35.3 23.2 6.8 35.8
1 2 3 4 52.7
Outlet - Oxygen (%dv)
AVG 5.7 5.3 4.5 3.9
6 8.0 6.7 5.7 5.4 6.5
5 6.1 4.8 4.2 3.9 4.7
4 4.4 5.8 4.8 4.4 4.8
3 5.2 4.8 4.3 3.3 4.4
2 5.7 4.6 4.3 2.7 4.3
1 4.8 5.0 3.8 3.8 4.3
1 2 3 4 4.9  
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Figure 2-5:  
Run 2 SCR Outlet – MASS® NOX, and O2 
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Table 2-6:  
Run 2 MASS® - NOX Removal Efficiency 
 
Date: 3/28/2007
Start Time: 11:12
End Time: 12:23
Removal Efficiency (ppmdv @ 3% O2)
AVG 21.4% 33.5% 39.8% 64.3%
6 34.5% 45.3% 74.6% 93.4% 62.0%
5 17.8% 60.9% 54.7% 93.1% 56.6%
4 14.2% -12.5% 13.1% 45.1% 15.0%
3 30.8% 17.5% 13.4% 19.0% 20.2%
2 7.5% 27.0% 7.6% 42.4% 21.1%
1 23.8% 63.0% 75.3% 92.7% 63.7%
1 2 3 4 39.8%  
 
Figure 2-6:  
Run 2: MASS® - NOX Removal Efficiency 
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Table 2-7:  
Run 3 SCR Inlet – MASS® NOX, and O2 
 
Date: 3/28/2007
Start Time: 12:48
End Time: 13:59
Inlet - Nitrogen Oxides (ppmdv @ 3% O2)
AVG 91.1 83.7 85.0 78.5
6 100.5 97.8 96.0 74.8 92.3
5 68.8 59.5 66.6 58.8 63.4
4 81.5 74.1 78.7 75.4 77.4
3 94.1 96.1 98.3 94.4 95.7
2 101.6 77.9 76.4 76.5 83.1
1 100.1 96.5 93.8 91.1 95.4
1 2 3 4 84.6
Inlet - Oxygen (%dv)
AVG 5.6 4.9 4.1 4.3
6 8.6 6.9 6.3 6.3 7.0
5 4.5 4.2 4.3 4.1 4.2
4 4.3 3.6 3.5 3.4 3.7
3 5.0 5.2 3.3 3.1 4.2
2 3.2 3.3 3.2 2.8 3.1
1 7.8 6.2 4.3 6.1 6.1
1 2 3 4 4.7  
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Figure 2-7:  
Run 3 SCR Inlet – MASS® NOX, and O2 
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Table 2-8:  
Run 3 SCR Outlet – MASS® NOX, and O2 
 
Date: 3/28/2007
Start Time: 12:48
End Time: 13:59
Outlet - Nitrogen Oxides (ppmdv @ 3% O2)
AVG 68.3 53.1 48.6 30.2
6 68.5 48.2 24.6 4.8 36.5
5 60.3 34.8 42.3 3.7 35.3
4 70.3 80.4 69.1 42.0 65.5
3 60.8 71.3 79.6 78.5 72.6
2 78.7 51.5 57.1 45.7 58.3
1 71.3 32.5 18.9 6.4 32.3
1 2 3 4 50.1
Outlet - Oxygen (%dv)
AVG 5.9 5.3 4.5 3.9
6 7.9 6.6 5.4 5.3 6.3
5 5.8 5.0 4.4 3.7 4.7
4 4.9 5.7 4.7 4.3 4.9
3 5.4 5.0 4.6 3.4 4.6
2 5.4 4.3 3.9 2.8 4.1
1 5.6 5.3 4.2 3.9 4.8
1 2 3 4 4.9
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Figure 2-8:  
Run 3 SCR Outlet – MASS® NOX, and O2  
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Table 2-9:  
Run 3 MASS® – NOX Removal Efficiency 
 
Date: 3/28/2007
Start Time: 12:48
End Time: 13:59
Removal Efficiency (ppmdv @ 3% O2)
AVG 24.1% 35.0% 41.2% 63.6%
6 31.9% 50.8% 74.4% 93.6% 62.7%
5 12.4% 41.6% 36.4% 93.6% 46.0%
4 13.7% -8.5% 12.2% 44.3% 15.4%
3 35.3% 25.8% 19.0% 16.8% 24.3%
2 22.5% 34.0% 25.2% 40.2% 30.5%
1 28.8% 66.3% 79.9% 92.9% 67.0%
1 2 3 4 41.0%   
 
Figure 2-9:  
Run 3 MASS® – Removal Effiency 
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Table 2-10:  
Sulfur Dioxide Reduction Efficiency Results 
 
Run 1 2 3 Average
Date (2007) 29-Mar 29-Mar 29-Mar
Start Time 9:59 12:16 15:13
Stop Time 11:00 13:17 16:13
Air Heater Outlet
SO2 (ppmdv @ 3% O2) 1854.76 1829.81 1837.92 1840.83
O2 (%dv) 7.30 7.22 7.45 7.32
CO2 (%dv) 11.54 11.61 11.52 11.56
Baghouse Outlet
SO2 (ppmdv @ 3% O2) 103.89 90.83 132.12 108.95
O2 (%dv) 7.21 7.16 7.51 7.30
CO2 (%dv) 11.49 11.71 11.51 11.57
Reduction Efficiency
SO2 (%) 94.40 95.04 92.81 94.08  
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PROCESS DESCRIPTION 
AES Greenidge Unit 4 is representative of 492 coal-fired electricity generating units in 
the United States with capacities of 50-300 MWe.  AES Greenidge Unit 4 is a 104-MW 
coal-fired unit.  The unit had an integrated multipollutant control system installed on it, 
which is going to reduce emissions in an economically viable way.  This new 
technology utilizes a hybrid selective non-catalytic reduction / selective catalytic 
reduction system for NOX reduction and a circulating fluidized-bed dry scrubber for 
SO2 and Mercury Reduction. 
 
The testing was performed at the SCR inlet and outlet for NOx and O2/CO2. Testing 
was also conducted at the Air Heater Outlet and Baghouse Outlet for SO2 and O2/CO2. 
 
 
DESCRIPTION OF SAMPLING LOCATION(S) 
Sampling points for the MASS system were located on a grid at both the SCR Inlet and 
SCR Outlet location.  The grid consisted of four ports with six points per port from 
which NOx, O2, and CO2 were measured.  
 
Sampling points for the SO2 testing were selected at a central location in the duct of the 
Air Heater Outlet and Baghouse Outlet for the first two runs.  The third SO2 run 
consisted of a three point traverse of that same port. 
 
Table 3-1 outlines the sampling point configurations.  Figure 3-1 through 3-2 illustrates 
the sampling points and orientation of sampling ports for each of the sources tested in 
the program. 
 
Table 3-1: 
Sampling Points 
 
   Run  Points Minutes Total  
Location Constituent Method No. Ports per Port per Point Minutes Figure 
SCR Inlet NOX, O2, CO2 3A, 7E 1-3 4 6 1 72
1 3-1 
SCR Outlet NOX, O2, CO2 3A, 7E 1-3 4 6 1 72
1 3-2 
Air Heater Outlet SO2, O2, CO2 3A,6C 1-2 1 1 60 60 N/A 
Air Heater Outlet SO2, O2, CO2 3A,6C 3 1 3 20 60 N/A 
Baghouse Outlet SO2, O2, CO2 3A,6C 1-2 1 1 60 60 N/A  
Baghouse Outlet SO2, O2, CO2 3A,6C 3 1 3 20 60 N/A
        
   
 
1 Each cycle of the MASS took 24 minutes, 3 cycles were combined for each run. 
3 Description of Installation 
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DESCRIPTION OF SAMPLING LOCATION (CONTINUED) 
 
 
Port
4
Port
3
Port
2
Port
1
North
468 in.
372 in.
192 in.
288 in.
108 in.
24 in.
 
 
 
Sampling Point Port to Point Distance (in.) 
1 24 
2 108 
3 192 
4 288 
5 372 
6 468 
 
 
 
Figure 3-1:  SCR Inlet - Sampling Point Determination (EPA Method 1) 
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DESCRIPTION OF SAMPLING LOCATION (CONTINUED) 
 
 
Port
4
Port
3
Port
2
Port
1
North
480 in.
396 in.
216 in.
312 in.
132 in.
48 in.
 
 
Sampling Point Port to Point Distance (in.) 
1 48 
2 132 
3 216 
4 312 
5 396 
6 480 
 
 
 
 
Figure 3-2:  SCR Outlet - Sampling Point Determination (EPA Method 1) 
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Clean Air Engineering followed procedures as detailed in U.S. Environmental 
Protection Agency (EPA) Methods 3A, 6C, 7E, as well as Clean A Proprietary Method 
MASS®.  The following table summarizes the methods and their respective sources. 
 
Table 4-1: 
Summary of Sampling Procedures 
 
Title 40 CFR Part 60 Appendix A 
Method 3A “Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from 
Stationary Sources (Instrumental Analyzer Procedure)” 
Method 6C “Determination of Sulfur Dioxide Emissions from Stationary Sources (Instrumental 
Analyzer Procedure)” 
Method 7E “Determination of Nitrogen Oxides Emissions from Stationary Sources (Instrumental 
Analyzer Procedure)” 
 
CleanAir Proprietary Methods 
MASS® “Multipoint Automated Sampling System for Stationary Grid Gas Analysis” 
 
 
 
These methods appear in detail in Title 40 of the Code of Federal Regulations (CFR) 
and on the World Wide Web at http://www.cleanair.com. 
 
Diagrams of the sampling apparatus and major specifications of the sampling, recovery 
and analytical procedures are summarized for each method in Appendix A. 
 
Clean Air Engineering followed specific quality assurance and quality control 
(QA/QC) procedures as outlined in the individual methods and in USEPA “Quality 
Assurance Handbook for Air Pollution Measurement Systems:  Volume III Stationary 
Source-Specific Methods”, EPA/600/R-94/038C.  Additional QA/QC methods as 
prescribed in Clean Air’s internal Quality Manual were also followed.  Results of all 
QA/QC activities performed by Clean Air Engineering are summarized in Appendix D. 
 
4 Methodology 
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TEST METHOD SPECIFICATIONS ....................................................................................A 
SAMPLE CALCULATIONS..................................................................................................B 
PARAMETERS ....................................................................................................................C 
QA/QC DATA.......................................................................................................................D 
FIELD DATA PRINTOUTS ..................................................................................................E 
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APPENDIX B 
CTL Group Report (Process Sample Analyses) 
   


























  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX C 
Field Data Sheets 
   
































































  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX D 
Laboratory Analyses 
   
















































































  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX E 
Unit 4 Stack CEM Data 
   

































